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THE carcinogenic properties of iron macromolecular complexes in rats and mice
were described in 1959 and the early 1960°s (Richmond. 1939; Haddow and
Horning, 1960; Baker et al., 1961; Lundin. 1961; Fielding, 1962). Since that

" time, a number of iron-containing” compounds have been tested and found to

induce subcutaneous tumours in various experimental animals (see Roe, 1967).
In the course of a general survey -of the carcinogenicity of iron-containing com-
pounds, 2 further substances—ferric sodium gluconate and iron dextran glveerol
glycoside—have emerged as agents with definite carcinogenic activity in rats and
mice. :

FERRIC SODIUM GLUCONATE COMPLEX
Materials and Methods ;

Forty male CB stock mice, aged 11 weeks, were used. The animals were
housed in metal cages in groups of 5 and maintained on cubed diet No. 86 (Messrs.
Dixon, Ware, Herts.) and water ad {ibitum. :

Ferric sodium gluconate complex was obtained from Dr. Kutiak and Co.,
Arzneimittelfabrik, Vienna. It was supplied in 2 ml. ampoules, each of which

- vontained 150 mg. iron. Tests were carried out on Bateh No. 22 01 11,

Twenty animals received 17 weekly sibcutaneous injections of ferric sodium
zluconate in the right flank—0-1 ml. for the first 3 weeks and 0-05 ml. for the
tollowing 14 weeks. The total amount of iron injected was 75 mg. Twenty
antreated mice served as controls. :

The animals were examined daily.  Sick mice were killed and the survivors
were killed 16 to I8 months after the beginning of the experiment.  Complete
Post-mortem examinations were carried out and tissues showing macroscopic
tbnormatlities were fixed in Bouin’s solution.  Paraflin sections 5 g thick were
brepared and stained with haematoxylin and eosin,

RESULTS

~The survival of mice in the test and control groups, together with the incidence
“Hoeal and distant tumours. is shown in Table I. - Injection-site tumours devel-
“ted i 5 test animals ~the tikst after 10 months and the last after 15 months.
“mee palpable. they srew rapidly and it was necessary to kill the mice within 30
Ty of the fisst appearance of a definite subeutaneous mass,  The morphology
"Fthese neoplasms was similar to that reported previously in animads injected with
TAacpreparations, M oof” them were spindle cell or pleomorphic sarcomas,
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showing variable degrees of differentiation.
were present in and around the
cells themselves.
fully transplante

usual changes associa
flanks were thic
stained brown an
Multinucleate gian
inflammatory cells.

C. ROE

A few iron-containing macrophages
tumours but no iron-pigment was seei in the tumour

No metastases were found. Two of the sarcomas were SUCCERN-

d into other mice of the same stock strain.

s in mice which did not develop loeal tumours showed the
ted with prolonged parenteral administration of iron.  The
kened. indurated, and hairless. The subeutancous tissues were
d contained large numbers of macrophages laden with iron.
t cells were sometimes secl, together with a few chrouie

Fibrous tissue was increased in all animals.
The number and distribution of distant neoplusms in the test mice were low
(Table I). Malignant lumphomas were found in 2 animals, one of which also

developed an injection-site sarcoma.

The injection site

ce by Ferric Sodium Gluconate

TasLE L—Induction of Tumours in Mi
' Age (months)

PRI L SRS —e —
Test animals . 3 9 12 15 18
Survivors . 20 ' 19 18 14 [}
Tumours (cumulative totals) .
Injection-site . 0 0 0 2 1 5
Other . 0 (1} v (\} 0 2
Control animals
Survivors . 20 1 8 b 3 0
Tumours .0 [} (i} i* 2* 5*

« All malignant tymphomas

Various non-malignant changes were com only encountered in other tissues.

Increased amounts of iron-pigment were seqn in macrophages in the axillary
and inguinal lymph nedes, spleen and pancpeas and in hepatic Kipffer cells.
Fatty change and necrosis were sometimes obiserved in hepatocytes but this was
not apparently related to the amount of iron resent in the liver. Slight atrophy
of pancreatic acinar cells. bronchiectasis, anc bronchopneumonia were also seen
in some animals. . :

Five untreated mice from the control group developed malignant lvmphomas
No other tumours were seen and the incidende of non-malignant changes sueh @
hepatic degeneration and pulmonary infection was similar to that found ameny

the test animals.
’ [RON DEXTRAN GLYCEROL GLYCOSIDE
Materials and Methods
e male ('B stock mice were divided into 3 test groups
The animals ware aged 11 weeks and maintained =

In addition, |43 male CB stock rats were e
etal cages, +in each: the

One hundred and fiv v
1 untreated control group.
in the previous experiment.
These animals were 8 weeks old and were housed in m
were fed cubed diet No. 86 and water ad Libitum. '
Iron dextran glycerol glycoside was obtained from Dr. P G. Marshall. Thr

Nicholas Research (nstitute, Slough, Bucks. 1t was supplied in ampoules co
out on Batelh numbers A 208

taining 50 mg. iron/ml. Tests were carriec
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The test animals received subeutancous injections of iron dextran glveerol
glycoside into the right flank according to the scheme shown in Table T1:

Tavre LL—T'reatment of Mice and Rats with Iron Dextran Glycerol Glycosids

Total amount

Dose per of iron
injection administered
No. of animals No. of injections {ml.} (my.)
Mice
Group 1 20 . 5 weekly . 0-1 . 25
Group 2 25 . 8, weekly A | B9 . 8]0
Group 3 20 .20 fortmightly . 0.05 3
Group 4 40 . Uninjeeted eontrols
Rats
Group 1 24 . 25, weelkdy . 0-5 ., 625
Group 2 24 . Uninjected controls - -

The subsequent care of the animals. the post-mortem examinations, and the
selection and staining of tissues for histological examination were as described
previously.

Results

Effects in mice..—Although 52 mice in the 3 test groups lived for more than 12
months after the beginning of the experiment, only one developed a sarcoma at
the site of injection. a tumour which appeared after 11 months in an animal from

~ , Group 2. The injection sites in the remaining 194 mice showed the usual changes
i : associated with repeared subcutaneous injections of iron compounds. .
The incidence of distant tumours was high in both test and control groups.
Malignant lymphomas, including thymomas, were the commonest lesions, followed
“ by hepatomas and pulmonary adenomas. One mouse from Group 1 developed
a squamous carcinoma of the forestomach with metastasis to the omental fat.
mesentery and diaphragm.

Non-neoplastic changes in distant tissues consisted of deposits of iron-pigment.
in macrophages in the liver. spleen. pancreas and occasionally the kidneys of
mice injected with the iron compound. Test and control animals showed fatts
change and patchy neerosix of hepatic parenchyma and pulmonary infection.

FEffects in rats.-—The survival of test and controi rats, together with the
mcidence of injection-site sarcomas. is recorded in Table 111 Among the test

TasLe TI—Induction of Twnours in Rats wiih Iron Dextran Glucerol Glycoside

1 .
Age (months}

Text apimalx . 3 6 @ 12 15 18 21 24 27
Survivors .24 24 24 22 1§ v 5 2 U
Tumonrs feumulstive totals) N

Inivetion-site . 1} 0 0 0 2 4 8 10 12
Other .0 0 0 v ja 3b. ¢ 3 : 3

Coutrol animals
Survivors .24 24 22 2 11 R 5 4 o
Pyrmenes ceumulutive totals) . 0 0 0 0 14 2 3r 3

& manmary earcinoma 4 = hepatoma
" = imammary fibroadenoma € = malignant lymphoma
¢ = =olttney exoerine adenorna of panereas t = subcutaneous fibroma
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Jmimals, 12 developed local tumours, the first after 13 months and the last after
455 months. They grew rapidly and the animals were killed 20 to 30 days after
Jthe lesions were first observed. Of the 12 neoplasms seen, 10 were pleomorphic
Jor spindle cell sarcomas, similar in histological appearance to those which developed

in ‘mice injected with forric sodium gluconate. There were also 2 fibromas. No
metastases were observed.

The incidence of distant neoplasms among the test animals was low (Yable LI1).
Of the 3 tumours found, only one—2a solitary exoerine adenoma of the pancreas
__was seen in an animal which already had an injection site sarcoma. The
non-malignant changes in distant tissues were similar to those described in mice
injected with iron dextran glycerol glycoside except that there was more morpho-
logical evidence of accumulations of iron in tissues such as the spleen, liver and
pancreas. :

Three tumours were found among the antreated control rats—a mammaty
fibroadenoma, & mammary carcinoma and a subcutaneous fibroma from the
occipital region. ) :

DISCUSSION

-

It is clear that repeated subcutaneous injections of {
induce local sarcomas in mice and that iron dextran glveerol glycoside, adminis-
tered in a similar fashion, induces injection-site tumours in rats. In both
instances, the animals received doses of iron which were large in relation to their
body weight but the part played by iron-overloading (cf. Golberg et al., 1960)
in tumour induction by these 2 compounds cannot be assessed. The difficulty is
emphasised by the obscrvation that while ferrie sodium gluconate induced a
number of injection-site sarcomas in mice. iron dextran glycerol glycoside (even in
large and prolonged doses) showed negligible carcinogenie activity in the same
species.” Another feature is the apparent difference i earcinogenic potency of
jron dextran glycerol glycoside in rats and mice. Although the total amount of
iron administered to the mice was higher, on & body weight basis. than that given
to the rats, the carcinogenic response was strikingly less. In previous investiga-
tions on macromolecular iron complexes, the responsc of the 2 species has usually
been broadly similar. ’

Since different dose-schedules were used in the 2 experiments. it is not possible
to compare the sarcomas induced in mice with ferric sodium gluconate. and in
rats with iron dextran glycerol glycoside, in terms of thieir final incidence and times
of induction. Histologically, however. the sarcomas were <imilar in the 2 groups
and resembled the tumours induced by other jron-containing compounds: such
lesions have frequently been described and illustrated in previous papers. One
difference between rats and mice which emerged from the present study was the
tendency for rats—but not mice—to develop injection-site fibromas, Fibromas
arc not uncommon in rats injected with macromolecular iron complexes (0.2
Roe et al., 1964; Roo and Carter, 1967) but we have not seen such tumoutr= i
mice, nor are they described in other accounts dealing with the carcinogenicity o
iron-compounds in mice. If this apparent species difference is o valid one. !
suggests that the final neoplastic response of the subentancous tissues o vepeatett
injections of iron-containing substances MY be significantly Jdifferent in rats ai'
mice. Differences between rats and mice in terms of {hee nmount of iron retainet

erric sodium gluconate

e
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at injection sites have been reported (Golberlr et al., 1040 Jaker of «l., 1969) but
differences in the type of tumour produced have not been noted proviously.

It is still uncertain whether iron-containing compounds are likely to induer
an increase in the incidence and variety of neoplasms in tissucs distant from the
site of injection (Roe and Carter. 1967).  But in the present study. the incidence
of distant tumours in mice treated with ferric sodium gluconate. and in rats
treated with iron dextran glycerol glveoside, was unusually low. Distant tumours
were more numerous in mice injected with iron dextran glycerol glycoside but.
as emphasised earlier. a high incidence of neoplasms was also found in the corres-
ponding group of untreated control animals.  One of the tumours encounterad
in a test mouse —the locallv-metastasizing squamous carcinoma of the forestomach
..-is certainly a rarity (Rowlatt. 1967) but its relationship to treatment with iron
dextran glycerol glycoside is obscure.

The present tindings provide more information vn the carcinogenicity of iron-
containing compounds in rats and mice but they do nothing towards resolving
the controversy concerning the carcinogenic hazards of such compounds in man
(Haddow and Horning. 1960: Baker et «l.. 1961: Haddow et al.. 1964: Roe, 1966),
As Haddow and his colleagues have stressed. it is still doubtful whether parenteral
iron preparations have been used in clinical practice for a sufficient period. of time
to be certain that such materials are not carcinogenie. The therapeutic valuc of
iron-containing compounds is beyond dispute but. at the present time. it seems
reasonable to urge caution in the selection of patients and duration of treatment
and to avoid the indiscriminate use of such substances.

SUMMARY .

Five out of 20 mice which received 17 once-weekly subcutaneous injections
of ferric sodium gluconate (total 1ml.) developed spindle cell or pleomorphic
sarcomas at the injection site.

Ten out of 24 rats which received 25 once-weckly injections of 0-5 ml. of another
proprietary preparation—iron dextran glycerol vlveoside-—also developed local
sarcomas: in addition. 2 developed local fibromas.  Of 104 mice given 5 injections
of -1 ml., s injections of 0-2 ml. or 24 injections of 0-05 ml. of the same preparation.
only 1 developed a neoplasm at the site of injecrign,

Differences between mice and rats in their response to injected iron compounds
are discussed and the apparent rarity of local fibromas in mice ix emphasized.

This investigation was supported by grants to the Chester Beatty Research
Institute. Institute of Cancer Research: Roval Cancer Hospital from the Medieal
Research Council. the British Empire Cancer Campaizn for Research and the
Public Health Service Research Grant (CA-0318s-10) from the National Cancer

‘lnstitnte. U.S. Public Health Service.
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Pharmacological Research on Sod{um Gluconate

(From the Institute of Pharmacology, University of Pisa, headed by Prof.I.

Simon) |

! | | !

Introduced in therapy in the last fifteen years, calcium gluconafe soon

found favor with the physicians, so much so that its indications now extend to

a great many diseases. But it is especially in pulmonary tuberculosis that

thé drug is used, gsually by intravenous injection of concentrated solutions

(5-10 cc of 10% solutions each time). As the use of the remedy spread, short-
e

comings have been pointed out by many authors, for which as a rule no plausible

reason éould be found, especially sinee the chemical analysis of the preparation

always showed it to be perfectly pure.

It haé been said of calcium gluconate that it is about four times less
toxic ‘than calcium chloride (Rothlin, 1), and this affirmation, subsequently
assumed by all tec be correct, ia stil; being used by the therapists to proclaim
it to be the ideal remedy in therapy. However, research done at the Institute
by Baldacci (2) showed, by comparative ‘experiments rigorously carried out by
the method.of Simon (3), that calcium gluconate is not four times less toxiq
than the chloride but only one and a half times. Baldacci further showed that
at equal dose the drug produces a more profoﬁnd and durable lowering of the tem-
perature than does the chloride. This profouné perturbation of the temperature
may perhaps explain the drawbacks found by many authors (hypothermia, cardiac
insufficiency, more or less severe lipothymia, etc.)

As happené all tqoroften is therapy today, the drugs are used on the pati;
ent without extensive preparatory studies on laboratory animals to explore

their action from every point of view. This has been the case with calcium

gluconate. We have therefore carried out at this Institute much research on
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the drug in question and are still doing so in order to oBtain a complete
picture of its action to bridge the many gaps in our knowledge of its pharma-
cological aspects. To be able to study from all sides the pharmacological
action of calcium gluconate it is necessary, of course, not only to ﬁake a
comparison with the activity exerted by calcium chloride, the latter being an
anion salt indifferent o the orgaﬁism, but also to determine exactly the ac- '
tion of the gluconic anion. The only way to do this is to study the pharma-
cological action of sodium gluconate, which has a cation indifferent to the
organism, thereby evidencing the effects of the anion. This has been the aim
of the investigations described in this paper.
ITI Experiments

Sodium gluconate has the formula,CHon.(CHOH)4.C00Na and its molecular
weight is 218,088, I used the. high-purity salt prepared by‘Fraenkgl & Laudgu
of Berlin. The experiments consist of Several series. In a first series I
studied the general action exerted by the drug on the higher amimal (rabbit)
and determined its remote minimum lethal dose by int;avenous application ac-
cording to Simon (3). In a second test series T investigated the action of
the drﬁg on the isolated toad-heart. In a third series I undertook to study
how sodium.gluconate acts on the circulation of the hind section of toads pre-
pared'according to Lawen-Trendelenburg. In a last series I recorded the arter-
ial pressure and respiration of rabbits which had been given rapid intravenous
injections of solutions of the salt to the death of the animal.
First Test Series - General action of sodium gluconate and its remote minimum

lethal dose in the rabbit.

I prepared two solutions of the salt in distilled water - one 0.5 n (109
g in 1000 cc) and one normal solution (218 g in 1000 cc). Having selected
rabbits in a good state of health and having straéped.them stretched out on a

retaining table, I started to inject the 0.5 n solution in the mérginal vein

VU
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of an ear. I soon saw that the dose of 40 cc per kg was very well tolerated.
For this reason I adopted the use of the normal solution. The rate of injec-

tion was in all tests 0.5 cc per kg of body weight and per minute. In all

~animals treated I always noted the breathing frequency per minute, the frequenw

cy of the heart beats per minute, and the rectal temperature, both béfore

starting to apply the drug and during the entire experiment. I also observed

the symptoms which the animal exhibited during the entire test, during the in-

5éétion of the solution as well as thereafter, that is, until the animal either
regained a nearly normal condition or succumbed. 1In the latter case I per-
formed an autopsy and removed the organs (lungs, liver, spleen, kidmeys) for
the histological examination which I then carried out with the usugliechnique
(fixatiqn in Zenker's solution, inclusion in pafaffin. staining with hema-
toxylin apd eosin).

Rather than reporting the detailed description of the individual exper-
iments, I shall limit myself o summarizihg1he basic data thereof in Table I
and. to étating succinctly the symptomatology presented by the rabbits under
the drug being studied.

It is seen from the table that tﬁe remote minimum lethal dose by intra-
venous application in the rabbit (that is, the smallest dose which, injected
in the veins at a rate innounous in itself, kills the animal after a certain
interval frém the injection) is 7.630 g (or 0f035 g-eq.) of sodium gluconate
per kg of body weight.

As to the symptomatology obsefved, it should be distinguished in two
different typgs according as the animal survives or dies. 1In the first case,
when the dose is very small (exp. 1), the animal shows no particular symptoms;
during the entire injection it is lively, the heart Eeats are not changed
as to rhythm, number or intensity; the breathing is‘negligibly reduced; the

only noteworthy fact is the lowering of the temperature by two and a half
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Table I

Test Sodium gluconate solution Duration of Sodium gluconate Qutcome

No. injection
0.5 n n g per kg g - eq.
(cc per kg (cc per kg) . per kg
I 30 - 60'min 3.270 0.015 Lives
II 40 - 80 4,360 0.020 Lives
III - ' 30 60 min 6,540 0.030 Lives
vI - - 33 66 min - 7,194 0,033 Lives
Vil - 35 70 min 7,630 0.035 Dies after
ca 24 h
v - 36 72 min 7,848 0.036 Dies_ after
‘ ca 21lh
v - 40 80 min 8,720 0.040 Dies after

ca 15 h

degrees at the end of the injection. At higher, but not lethal doses, the
lowering of the temperature persists and may be as much as 3 degrees. The
heart beats remdin the same in their characteristics,.while changes variable
from animal to animaleare noted in the breathing. For examplé, a considera-
ble increase appears in the second experiment in the number of respirations
per minute, which increase is maintained as long as the injection lasts and
then abates, while in the third experiment there appears immediately a rather
noticeable reduction, and in the sixth experiment a slight initial increase in
the frequency of respiration precedes a subsequent decrease. This different
_ behavior may have something to do with the state the animal was in when the
experiment was started. For example, in the third experiment, before the in-
jection was started the rabbit was breathing fast and the frequency of respi-
ration decreased rapidly as soon as injecting was staréed.

Other symptoms observed in these animals treated with non-lethal doses
of the drug were diffuse tremoxrs or slight muscular contractions, which ceased
when the injection was stopped. At the highest dose (7.194 g/kg, sixth exper-

vt
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iment’ also an increasing weakness of ghe animal was found, which prevented it
from standing up on its legs when the injection was finished, but which then
gradually disappeared.

In the animals which perished (seventh, fifth, fourth experiments) no
grave disorders occurred in the cardiac activity; the temperature sometimes
dropped by as much as 5, 8° C (fourth experiment); in the number of re5p1ratlons
an increase was nearly always found, which was never very great (fourth and
Seventh experiment), but sometimes there was no increase (fifth experiment).

The animals sometimes showed muscular contracfions and especially an increas-
ing dejection, to the point that they did not support themselves on their limbs
when untied from the retaining apparatus. These conditions grew worse - respl-
ration and heart weakened more and more, and death occurred 15 to 24 hours
after the end of the injection. The autopsy and histological examination
showed only a slight congestion in all organs, without‘any other noteworthy
fact. The death must therefore probably be attributed to fhe depressive action
of the drug on the central nervous system.

Second Test Series - Action of sodium gluconate on isolated toad heart

For these experiments I used big toads weighing about 80 grams. Having
isolated the animal's heart, I introduced therein a Straub cannula. The sodium
gluconate_solutions used had been prepared in Ringer's solution for lower ani-
mals, Theif concentrations varied from 2.18 g of the salt in 10 million cc of
Ringer (= 0,000,001 g-mol per liter) to 2.18 g in 10 co (= 1.0 g-mol per liter).

The graph shown in figure 1 gives a clear picture of the action exerted
by the salt on the isolated heart.

I£ is seen fhat the more dilute solutions L, I, H, G (whose concentration
varies from 2,18 g in 10 million to 2,18 in 10,000) do‘noé appreciably alter the
' agtivity of the heart either as to amplitude or as to number per unit time. Of -
the more concentrated solutions, F (2.13 g in 1000) proves to have a slight

exciting effect on the activity of the organ (increase in amplitude; negligible
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increasé in frequency). Solution E (2.18 g in 100).produceé a very noticeé-
ble reduction of the strokes, while the frequency is not altered. Subsequent
washing with Ringer's solution completely restores the activity of the organ.
Lastly, solution D (2,18 g in 10) stops the heart, and only after prolonged
repeated washing with Ringer's solution do thé cérdiac movements become appar-
ent, but in a quite rudimentary manner.

To recapitulate, only with the solution 2,18:1000 was it possible to evi-
dence a weakly exciting action of sodium gluconate on the isolated toad heart.
The more dilute solutioné were indifferent for the activity of the organ. One
must go to a concentration of 2.18:100 to obtain a clear depressive action.

Fig, 1 Action of sodium gluconate on the isolated toad heart .

R, Ringer

~

L, Solution of sodium gluconate 2.18 : 10 million = 0.000,001 g-mol per ltrxr

I, " " " " 1 " 0.000,01 "
H, " " " " 100,000 0.000,1
G, " " " " 10,000 . 0.001 "
F, " " " " 1,000 0.01 "
E, " " " " 100 0.1 "
p, " . " " " 10 1.0 "

Time signal every 5 sec.

Third Test Series - Action of sodium gluconate on the circulation of the hind
section of toads,

For these experiments I took big toads. Having destroyed the animal's
medulla and brain, I prepared the circulation in the hind section according to.
Lawen-Trendelenburg, following the known rules. I let Ringer's solution flow
through, and after some time I let pass the solutions of sodium gluconate and

Ringer alternately, for 6 minutes. I counted the drops that flowed from the
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specimen during the fifth and sixth minute that the tested liquid was passing.

The averages of the number of drops flowing per minute are shown in Table II,

which sets forth the results obtained in a very demonstrative experiment of

~this series,

Table IT

Circulation in toad hind section.

Preparation acc. to Lawen-Trendelenburg

Solution used Concentration ' Number Remarks
L e ' g Na gluconate g-mol of Na glue of drops
in cc of Ringer per liter . in 60 sec

Ringer - - - 22

Na gluconate 2,18:10,000,000 . 0,000,001 26

Ringer - - 28

Na gluconate 2,18:1,000,000 0,000,010 32

Ringer - - 33

Na gluconate 2,18:100,000 0.000,100 38

Ringer - - 39

Na gluconate 2,18:10,000 0.001,000 39

Ringer - - 41

Na gluconate 2.18:1,000 0.010,000 44

Ringer - - 42

Na gluconate 2.18:100 0.100,000 51 Myofibril -con-

' tractions diffus-~

ed over entire
body

Ringer - - 44

Na gluconate 2.18:10 1.000,000 24 (The soln.2.18:

' 10 is rather -°

dense, syrupy,
quite viscous)

Ringer - - 25




It can be seen from Table II that the very dilute solutions of sodium

¥

. gluconate in Ringer (2,18 g in 10 million) have a vasodilatating action.
It increases with increasing concentration of the solution and reaches a
maximum at the concentration 2,18:100, With further increase of the concen-
tration of the solution a vaso-constricting action occuxs which brinéé the
caliber of the vessel back almost to the starting point. (As to the reduction
in the number of drops flowing from the specimen, we must, of course, not ne-
glect the influence also of the considerable densitycof the solution at concen-
tration 2,18;10). Washing with Ringer does not subsequently change the caliber
of the vessels, ,
Fourth Test Series - Action of sodium gluconate on arterial pressuré and on
respiration in the rabbit N

Thevtechnique adopted in this test series is the following. An animal
in perfecé physiological condition was secured on the retaining apparatus.
Having isolated the left carotid, I introduced in its éardiac stump a cannula
commpnicéting with a mercury manometer equipped Qith a stylus writing on a
rotating smoked cylinder. At the same time I introduced into the trachea a
T-shaped cannula, one branch of which communicated with the outside while the
other was connected by a rubber tube with a Marey drum equipped with a stylus
writing on the same smoked cyiinder. Lastly, having isolated the right jugular
vein, I introduced in its central stump a glass cannula which communicated by
a rubber tube with a graduated test tube containing a normal solution (218 g
in 1000 cc) of sodium gluconate. I now report two of ther experiments made.

Experiment I - Rabbit weighing 1.620 kg. The injection of the normal
solution of soaium gluconate was conducted at the rate of 2 cc per kg of body
weight and per minute. The experiment is illustrated in figure 2,

Examination of the graph shows that as soon as the sodium gluconate is

introduced, a decrease in the amplitude of respiration and in the frequency
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is obtained in a few seconds, while the pressure shows a lowering similar to

that obtained by stimulation of the vagus at the neck. The préssure then rises

again until the normal level is reached, while breathing becomes a little

deeper but less frequent. Suddenly the pressure drops while respiration becomes

rare, incomplete and shallower by degree until a period of apnea is reached,
While the pressure continues to decrease, the breathing takes on a periodical
rhythm (sik groups separated by pauses) until it stops. After breathing has

stopped, the heart continues pulsating for a certain time.

Fig. 2 Action of sodium gluconate on arterial pressure and respiration
in the rabbit (Experiment I).

First sign: Start of injection into the right jugular vein of a normal
solution of sodium gluconate at the rate of 2 cc per kg of Sody weighé and
per minute.

Second sign: End of injection of the solution. A total of 19.61 cc of
solution per kg have been injected, corresponding to'4.2749 g, or 0.0196

g-eq. of sodium gluconate per kg.

Time signal every 5 sec.

Experiment II - Rabbit weighing 1.650 kg. The injection of the normal
solution of sodium gluconate is conducted at first & the rate of 1 cc per kg
and per minute. Then the rate of injection of the drug is doubled. The test
results obtained are shown in figure 3 (graphs 1 and 2).

It is evident at once that as soon as the injection of the sodium glu-
conate solution starts (Graph 1), an increase in amplitude and frequency of
respiration appears, which increases with increasing dose of the drug. It is-
further seen in this graph that after a slight increase the pressure becomes
normal again, but than it undergoes a sligﬁt but progressive decrease while

amplitude and frequency of respiration increase considerably. In the second
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graph, at a certain moment corresponding to the doubling of the rate of injec-
tion of the drug, the amplitude of respiration still increases while the fre-
quency decreases considerably, and the arterial pressure continues its slight
and progressive decline. Later the respiratoryvmovements diminish in fre-
quency and amplitude and the pressure continues to go down, slightly at first,
sharﬁly later. Finally respiration stops and the pressure continues to decrease
tending toward zero more rapidly. But when the respixtion stops, the heart
still continues to beat for a while, more and more weakly.

It follows from the experiments just reported that the respiratory acti-

vity is modified to some extent by the various doses of the drug: Being at

first excited by the slow rates of injection until a maximum is reached, this

activity then progressively diminishes and finally breathing stops altogether.
The arterial pressure, after a brief initial inérease, also demonétr#ble only
for the slow rates of injection, begins to decrease and this decrease is magni-
fied when respiration is about to stop so that the pressure goes down rapidly
when respiration ceases., The heart still continues to beat when respiration

has stopped entirely.

Fig. 3 (Graphs 1 and 2) - Action of sodium gluconate on arterial pressure
and on respiration in the rabbit (Experiment IT)

Graph 1, first sign: Start of injection of a normal solution of sodium
gluconate in the right jugular vein at the rate of 1 cc per kg and per minute,

Graph 2, first sign: The rate of injection is doubled.

second sign: Injection of the drug is stopped. vIn all tﬁere

have been injected 40.30 cc of solution per kg, corresponding to 8.7854 g,
or 0.0403 g-eq. of sodium gluconate per kg.

Time signal every 5 sec.
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In conclusion, these experiments confirm what we have seen before in

connectlon thh the study oi the general action of the drug on the rabbit.

. We had observed that ‘the cardlac activity is little changed, but that there

were clearer modifications in respiratory function. These experiments, there-
fore confirm the former. The greatest and clearest changes are seen in the
respiration. When there already appears a considerable increase in the respi-
ratory activity, the increase in pressure is negligible, and while the changes
in amplitude and frequency of respiration become.outstanding, the arterial
pressure exhibits a slight, progressive reduétion quite different from the
conspicuous changes in respiration. Only when the respiratory activity under-
goes a rather sharp decline, the arterial pressure suddenly drops markedly

and approaches zero. But when breathing has ceased, the sardiac activity goes
on and finally cease a few minutes later.

IIT Conclusions

It can be affirmed on the basis of research in the pharmacology of sodium
gluconate that:

1. The remote minimum lethal dose by intravenous application of sodium
gluconate is, in the rabbit, 7.630 g (= 0.035 g-eq.) per kg of body weight;

2., The death of the higher animal (rabbit) occurs with a progressive weak-
ening of_the forces by the depressivg action exerted‘by the drug on the cgntral
nervous sysfem;

3. While the solutions of the drug at low concentration (from 2,18 g in
10 million to 2,18 g in 16,000) are indifferent on the activity of the isolat-
ed toad heart, an exciting action is demonstrable only for rather concentrated
solutions (2.18 g in 1000). Much more concentrated solutions stop it altogether;

4.IT he action of sodium gluconate on thesisolated vessels of the hind
section of toad (preparation according to Lawen-Trendelenburg) is‘clearly

dilating, and only at very high doses the drug tends to bring the vessel caliber
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back to a condition fairly similar to the physiological;

5, The respiratory activit; of the rabbit is generally heightened by
the intravenous administration of sodium gluconate. At suitable injection
rates a marked excitation of the respiration is evidenced, which can increase
the activity of the respiratory apparatus tremendously. This period ;f intense
excitation is followed by a depressive period which leads to the paralysis of
the_respiratory function;

6. The blood pressure is at first slightly increased by moderate doees of
the drug, then follows a prorgressive reduction which tends to bring the press-
ure to zero. When breathing tends to stop, the pressure drops suddenly, and
when breathing ceases, it undergoes a further reduction, while the ﬁeart still
continues to beat for a few minutes.

Summary

The author shows that in the rabbit the remote minimum lethal dose of
sodium gluconate by intravenous application, is 7.630 g (=0.035 g-eq.) per kg
of body Qeight and that the death of the animal éccurs with a progressive re-
duction of the forces due to the depressive action exerted by the drug on the
central nervous system, On the isolatéd heart of toads sodium gluconate has
a weak exciting action only in fairly concentrated solutions, while very con-
centrated solutions stop i altogether. On the iscolated vessels of the hind
section of toad the drug always sﬁows a conspicuously dilating action, except
for very high concentrations, which tend to bring the vessel caliber back to
the initial values. On the respiration the drug has a definitely exciting
action at suitable doses; higher doses exert a depressive action on the respi-
ration and finally stop it altogether. The blood pressure goes up slightly at
first at moderate doses of the drug only; it then decreases continuopusly ap-

proaching zero. The cardiac activity continues for a few minutes after breath-

ing has stopped.
(Translated by Carl Demrick Associates,Inc/LH/t)
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ARCHIVIO DI FARMACOLOGIA SPERIMENTALE

You. LXVIII E SCIﬁNZE AFFINI Fasc. 1

RICERCHE FARMACOLOGICHE SUL GLUCONATO DI SODIO

Dott. Sante Gajatto

(Dall’ Istituto di Farmacologia della R. Universita di Pisa,
diretto dal Prof. I. Simon)

I
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Introdotlo in terapia nellultimo quindicennio, i gluconato di calcio
ha ben presto inconlrato il piti largo favore tra i medici, tanto che le sue
indicazioni si sono estese alla massima parle delle forme morbose. Ma
& specialmente nella tubercolosi polmonare che il farmaco viene impic-
gato per lo pit a mezzo di iniezioni endovenose di soluzioni concentrate
(ce. 5-10 di soluzione al 10 3/ per volta). Coll’estendersi dell’'uso del ri-
medio non ne sono mancati inconvenienti, segnalati da molti Autori, e
per i quali di regola non si seppe trovare ragione plausibile, dato spe-
cialmente che Panalisi chimica del preparato dimostrd in ogni caso la
sun perfetta purezza,

Del gluconato di calcio si disse che & circa quattro volte meno tos-
sico del cloruro di ealeio (Rorauin) (1) ¢ di questa affermazione, am-
messa poi dn tulti come esatta, i terapisti si valsero e si valgono per pro-
clumarlo il rimedio ideale in terapia. Perd ricerche praticate in Istituto
da Barvacer (2) dimostrarono, con esperienze comparalive rigorose con-
dolte a mezzo del melodo di Sivox (3), che il gluconato di caleio non @
quatire volle meno lossico deb cloruro ma solamente una volla e mezza,
i1 Barpacer inoltre dimostrava che il farmaco produce, a paritd di dosi
equivalenti, una diminuzione della temperatura assai pint profonda ¢ du-
ralura di quanto non faccia il cloruro. Questo profondo perturbamento
della temperatura pud forse spiegare gli inconvenienti lamentati da molti
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Autori (ipotermie. insuflicienze cavdiache, lipotimie pitt o meno gravi,
ece). . .

Come oggi troppo spesso avviene in terapia, i farmaci vengono im-
picgati sul malalo senza studi prepa lori vasti sugli animali di inborato-
rio che ne sviseerino da ogni punto di vista I'azione. Cosi ¢ accaduto per
il gluconato di caleiv. Percio in questo Istituto furono fatle molte ricer-
che sul farmaco in questione ¢ molle se¢ ne fanno ancora in modo da
poler oltenere un quadro completo della sua azione che colmi le molie
lucune esistenti nelle conoscenze delle sue attitudini farmacologiche. Ma
& chiaro che, aflinché sia possibile studiare da ogni lato I'azione farma-
cologica el gluconato di caleio, non soltanto & necessario ricorrere al
confronto con lattivita esplicata dal clovuro di ealcio, essendo quest’ul-
timo un sale ad anione indifferente per Porganismo, ma & anche necessa-
rio conuscere esattamente Pazione dell'anione gluconico. Cid non pud ot-
lenersi se non studiando Pazione farmacologica del gluconato di sodio
che ha un catione indifferente per Porganismo, il che permette di mettere
in evidenza gli effetti delanione, A questo fine sono volte le indagini che
formano Pargomento del presente lavoro.

H, — ESPERIENZE )

11 gluconato di sodio ha t formula CH, OH . (CHOH), . COONa ed ha
p. m. uguale a 218,088, Ho adoperato il sale purissimo preparato dalla
casa FIAENKEL ¢ Laxpav di Berlina, Le cesperienze constano di diverse
serie. In una prima serie studiai azione generale esplicata dal farmaco
sull'animale superiore (coniglio) ¢ ne delerminai la dose minima letale
lontana per via endovenosa sccondo S1Mox (3), In una seconda serie di
csperienze indagai Pazione del farmaco sul cuore isolato di rospo. In
una terza seric mi proposi di studiare il modo col quale 1] gluconato di
soddio agisee sul circolo del treno’ posteriore di rospo preparato alla
LAWEN-TRENDELENBUHG, In wnultima serie, infine, mi interessai della re-
gistrazione dei tracciati della pressione urteriosa e del respiro «i conigli
in cui praticave rapide iniczioni endovenose di soluzioni del sale fino
alla morte dell’unimale .

10 SEMIE DL ESPERIENZE. -~ AZione generale del gliconalo di sodio e st

dose minima letale lotlana nel coniglio,

Prepurai due soluzioni del sale in acqua distillata: una soluzione 0.5 N
(2. 109 in cc. 1060) ¢d una soluzione N (g 218 in ce. 1000), Seelli i conigli
in buone condizioni di sulute, fissatili proni ad un tavolo i contenzione,
‘comineiai ad inielare nella vena marginale di un orecchio fa soluzione

0,5 N, Vidi ben presto che b daose dioeel 10 per K, era tollerata benissi-
.
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mo. Per (‘||u-sln motivo passai senz'slire all'impicgo della soluzione N. La
velocitia dell'iniezione in lutte le esperienze fu di cc. 05 per Ky, di peso
corporeo ¢ per minuto primo. In 1nili gli animali traltati by sempre an-
notata la frequenza degli alli respirastori per minuto, la frequenza delle
pulsazioni cardiache per minnlo ¢ la temperatura rettale. E eio tanto
prima d'iniziare Vinoculazione det farmaco che durante tutto lo svolyi-
mento dell'esperienza. Ho pure osservata la sintomatologia che Vanimale
presentava durante tutio l'vs]wrilnenln.‘ 3

a durante Viniezione della solu-
zione che successivamente a questa, vale a dire sino a che animale si
fosse rimesso in condizioni pressoché normali oppure venisse a morle.
In questo caso ne praticavo 'autopsia ¢ raccuglievo gli organi (polmoni,

feguto, milza, reni) per Pesame istologico che poi eseguivo con la usuale
teenica (fissaggio in Zexken, inclusione in paraflina, colorazione con e-

matossilina ed eosina),

Anziché riportare Ia descrizione particolareggiata delle singole e-
sperienze, per maggiore brev

tali nella tabella I e ad esporre in sinlesi la sintomatologia presentata dei
conigli per effetto del farmaco in istudio.

iti mi limilo a riassumerne i dati fondamen-

N td
TABELLA L S
Soluzione di gluco- . .
ﬂ nato di sodio i Gluconato di sodio
9" . g i Esito
g 05N N -8 : ‘
3 (cc. per i (cc. per é"' K LA
Zz g per Kg. . |
Kg.) Kg.) per Kg. i
1i 30 — |60 | 3210 | 0015 ! Vive
I ' 40 - 80 4,360 0,020 | Vive
: i ;
mi - 30 60' | 6,510 0,030 Vive
\Y| l - 43 66° | 7,194 0,033 Vive
Vil ' - 35 | T0° | 7,640 | 0.035 | Muore dopo circa 24 ore
| !
vi ~ 36 | 72 | 7848 | 0,036 |  Muore dopo circa 21 ore
v - 10 80 8,720 1 0.040 l Muore dopo circa 15 ore

Daull'esame della tabella risulta che Ia dose minima letale tontana
per via endovenosa nel coniglio (cioe la dose pia piceola ¢he inicttata
nelle vene con una veloeitd per sé slessa innocua uccide Manimale ad una
certa distanza dall’iniczione) ¢ di g 7,630 (corrispondenti a ge-cq. 0.033)
di gluconato di sodio per Ky, di peso corporeo,
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Per quanto riguarda la sintomatologin osservata, conviene distin-
guerky in due tipi diversi a seconda che 'animale sopravvive alla dose
di farmaeo ricevuta oppure muore, Nel primo caso, quando la dose &
malto piccola (esperienza ) Panimale non mostra sintomi particolari:
durante tutta P'iniczione ¢ vivace, i baltiti cardiaci non si modificano né
per rilmo, né per numero, né per intensity; gli alti respiratori presen-
tano una trascurabile diminuzione; unico fallo degno di nota é P'ab-
bassamento della temperatura di due gradi ¢ mezzo alla fine dell’inje-
zione, Con dosi pia forti, ma non letali, persiste 'ubbassamento della
temperatura, abbassamento che pud arrivare a 3 gradi. I battiti car-
diaci non si modificano mai nei loro caratteri, mentre nel respiro si
rilevano variazioni diverse da animale ad animale. Per esempio, nella
seconda esperienza appare un aumento notevole nel numero degli atti
respiratori al minuto, aumento che permane finché si fa Viniezione e
che si va attenuando poi. mentre nell'esperienza terza appare subito
una diminuzione assai ragguardevole ¢ nell’esperienza sesta si ha un
lieve aumento iniziale della frequenza del respiro che precede una
diminuzione successiva. E' probabile che tale contegno diverso del
respiro possa essere messo in rapporto con lo stato in cui si trova
animale quando si incomincid I'esperienza. Ad esempio, nella espe-
tienza terza il coniglio, prima che si cominciasse Viniezione, aveva
un respiro frequente che diminui rapidamente della meld la sua fre.
quenza appena si comincio ad iniettare. -

Altri sintomi osservati in questi animali trattati con dosi non le-
tali del farmaco furono tremori diffusi oppure lievi conirazioni mu-
scolari che cessarono quando si sospese Piniezione. Con la dose pii
elevata (g. 7,194 per Ky. esperienza sesta) fu rilevatn anche una de-
holezza crescente dell’animale che gli impediva di mantenersi ritto
sulle zampe ad iniczione finita, ma che poi sparl a mano’ a mano che ci
si allontanava dal termine dell’inicezione.

'Negli animoli venuti a morte (esperienze scttima, quinta, quarta)
non si ebbero durante liniezione disturbi gravi dellattivita cardiaca;
la temperatura diminui talora anche di 38 €, (esperienza quarta); nel
numero degli alti respiratori si rilevd quasi sempre un aumento che
non fu ‘mai fortissime (esperienze quarta e seltima),” ma talora I'au-
mento mancd (esperienza quinki). Gli animali mostrarono talora con-
trazioni muscolari ¢ soprattutto un abbaltimento crescente al punto

T ali’: arcechi H . N
che, slegati dolfapparcechio di contenzione, non si regaevano sugli

arti. Queste condizioni si andarone aggravando: respiro ¢ cuore si
indeholirono progressivianente ¢ i morte intervenne in periodi va-
rianti da 150 20 ore odulla tine delfiniezione, L'antopsia ¢ Pesame

.7' tyle ll. o s . . . N oo . H N y . .
istologico non mostearono che una feggera congestione in fulli gli or-

TN

—5 —

gani, senza aleun altro Futlo degne di nota, La morte deve pereio pro-’

babilmente attribuirsi al'atlivith depressivae esercitata dat Garmaco sul

sistema nervoso cenlrate, .
44 SEME DI BSPERIENZE. — Azione del gluconalo di swlio sul cnure ix0-

lato di rospo,

Per queste esperienze ho adoperato grossi rospi del peso di cirea

~ 80 grammi. Isolato il coore delfanimale. vi introducevo una cannula

Straub. Le soluzioni di gliconato di sodio impicgate erano fatte in
Ringer per animali inferiori. Le loro concentrazioni  variavano  da
g 2,18 del sale in 10 milioni di ce. di Ringer (= g.-mol. 0,000.001 per
litro) a g 2,18 in cc. 10 (=g.-mol. 1,0 per litro),

It tracciato riportato nella figura 1 da una chiara visione dell’a-
zione esercitata dal sale sul cuore isolato.

Risulta dal tracciato che le soluzioni pit diluite L, 1, H, G (la cui
concentrazione varia da g 2,18:10 milioni a g, 2,18:10.000) non modifi-
cano in modo apprezzabile Patlivita del cuore sia per quanto riguarda
I'ampiezza delle escursioni che per quanto si riferisce al loro numero nel-
l'unita di tempo. Delle soluzioni pit concentrate, la F (& 2,18:1000) si
dimostra dotata di lieve effelto eccitante sull’altivita dellorgano (aumen-*
1o dell'ampiczza; trascurabile aumento della frequenza). La soluzione E
(g. 2.18 ; 100) produce una notevolissima diminuzione delle escursioni
cardiache, mentre la frequenza non pud dirsi modificata. Il lavaggio
successivo con Ringer ripristina complelamente Pattivita dell’organo.
Iatine, la soluzione D (g 2,18 : 10} arresta il cuore e solumente dopu
prolungati ¢ ripetuti lavaggi con Ringer i movimenti cardiaci si ren-
Jono palesi ma in maniera affutto rudimentale.

Ricpilogando, solamente con la soluzione 2,18 : 1000 fu possibile
meltere in evidenza un’azione debolmente eccitatrice del gluconato
di sodio sul cuore isolato di rospo. Le soluzioni pin diluite furono in-
differenti per Pattivita dellurgano, Bisognd toccure la concentrazione
2,18 : 100 per ottencre una netta azione depressiva,

44 SEmiE DI ESPERMENZE. — .Azione del gluconale di sodio sul circolo

del trenov posteriore di rospo.

. .

Per queste esperienze mi servii di grossi rospi. Distrutto il mi-
dollo ed il cervello dellanimale, preparai la circolazione nel treno
posteriore alla LAWEN-TRENDELENBURG, secondo le regole note, Vi fa-
cevo deftuire il Ringer ¢ dopo un certo tempo vi facevo passare e so-
luzioni di gluconato di sodio ed il Ringer allernativamente, per 6 mi-
puti, Contave le goccie che delluivano dal preparato durante il d ed
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il 60 minuto in cui passava il liquida in esames T ovalon med del pu-
mero delle gocee defluile per minula sono viportati pethe tabeila 1
nella quale sono esposti i risullati ottenuli in una espericnza molto

dimostrativa di questa serie.
TABELLA 11,

Circolazione nel lreno posteriore di rospo.

Preparazione alle LiweN - TrENpELEN#RG,

C i N |
—_— - . —— = - ' |
Soluzione usata ¢ di glucon. di Na gmol. di delle gocce ‘ Omservazioni
in cc di Ringer |‘I"c' di Na!' s 60" l
per litro
Ringer - ‘ - 22 5‘
)
Glucon. & Na 2,1%: 10,000,000, 0,000,001 26 !
Ringer - —_ 28 ! -
Glucon. di Na 2,18:1.000.000 ' 0,000.0100 82 ' .
Ringer —_ - 3 |
Clucon. di Na | 2,18: 100.000 ;o,ooo.loo 38 . |
Ringer _ i - 39 !
. ]
Glucon. & Na | 2,18:10.000 | 0,001.000 39 q
Ringer - i o w oy
Glicon. & Na | 2,38:1.000 | 0,010.000, 44 i
|
Ringer — ‘ - it
! !
Glucon. di Na | 2,18:100 " 0,100,000! 5t Contrazioni miofibrilleri |
H . . dilfuse a tutto il corpo. |
Ringer - L L !
Clucon, di Na | 2,18:10 1000000 2% | (La soluz. g 2.18:108
. { | piuttonto densa, sciroppo- |
Ringer - l - B iw notevolmente viscoss) :

CDallesame detla tabella 11 si pud rilevare che le soluzioni molto
diluite i gluconato di sodio in Ringer (g 2,18 : 10 milionid hanno
azione vasodilatatrice. Questa, col crescere della concentrazione  della
soluzione, cresce alla sua volta fino a toccare il massimo colla soluzio-
ne g 218 10, Si ha poi coll’anmento ulteriore della concentrazione
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della soluzione un‘azione vasocostritirice In quale riporta i1 calibro
vasale quasi al punto di partenza, (Per Ia diminuzione de! numero
delle gocee defluite dal preparato non va, naturalmente, trascurata
anche Finfluenza della notevole densi

ta della soluzione a concentra-
rione 2,18 : 100, 1 Javaggio col Ringer non modifiea ulteriormente il
calibro dei vasi.

4* SEME DI ESPEMENZE, — Azione del gluconalo di sodio sulla pressione

arleriosa e sul respiro del coniglio.

La tecnica adotlata in questa serie di esperienze ¢ la seguente.
Scelto I'animale in condizioni perfettamente  fisiologiche, lo fissavo
sull'apparecchio di contenzione, Isolata la carotide sinistra, introduco
nel suo moncone cardiaco una cannula comunicante con un manome-
tro a mercurio munito di penna scrivente su cilindro ruotante affu-
micato. Introducevo nello stesso fempo in trachea una cannula a T,
una branca della quale era in comunicazione coll'ambiente esterno,

mentre 'altra era connessa mediante un tubo di gomma con un tam-.

buro Marey munito di penna scrivente a sua volta sullo stesso cilindro
affumicato. Infine, isolata la vena gingulare destra, introducevo nel
suo moncone centrale una cannula di vetro che, mediante un tubo di
gomma, comunicava con una proveltn graduata contenente una solu-
zione N (g. 218 in cc. 1004) di gluconato di sodio. Riporto ora duc delle
csperienze fatte.

Esperienza 1. — Coniglio di Kz 1,620, L'iniezione della soluzione
N di gluconato 'di sodio venne condotta alla velocita di ce. 2 per Kg.
di peso corporeo ¢ per mihuto, Lesperienza ¢ illustrata nella figura 2.

L’esame del traceiato dimostra che appena si comincia Pintro-
duzione del gluconalo di sodio si olliene in pochi secondi una dimi-
nuzione dell’ampiczza del respiro ed anche della sua frequenza, men-
tre la pressione segna un abbussamento analogo a quello che si oltiene
per stimalazione del vago,al collo, La pressione poi risale fino a toe-
care il livello normale, mentre il respiro si fa un po’ pitt ampio ma
molto meno frequente. Dimprovvise Ia pressione cade mentre gli atti
respiratori si funno rari, iccompleti ¢ s'impiceoliscono a grado a gra-
do fino ad oltenersi un periodo o apnea, Mentre Ia pressione continus
ad abbassorsi il respiro assume an ritmo periodico (sei gruppi sepa-
tati da pause) linché siarresta, 11 enore, a respiro arrestato, continua
a pulsare per un certo tempo.

Esperienza I1. - - Coniglio di Kg. 1,650, L'iniczione della soluzione
N.di gluconato di swliy viene in un primo tempo condotla alla velo-
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Fig. 2.

Azione del gluconato di sodio sulla premione arteriosa ¢ sul respiro del coniglo

(Esperienza |).

una soluzione N di gluconato di sodio alls velocita di cc 2 per

segno : i incomincia ad inoculare nella vena giugulare destra

'll

Kg. di peso corporeo e per minuto.

Kg.

sono stati inoculati cc 1961 di

1

della

2" segno ;

C
2 g. 42749, ciot a geq. 0.0196 di gluconato di sodio per Kg.

Segnale del tempo ogai 3”.
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cita di ee. 1 per Kgo e per minuto. In un secondo tempo, si raddoppia
la velocita inoculazione del farmaco, T risultati sperimentali otlenuti
sono rappresentati netla figora 3 Qeacciali 1 ¢ 29

11 fatto che appore qui subite chiaro & che appena s'incominein
Piniczione detla soluzione di gluconalo di sodio (Tracciato 1) si ren-
de palese un aumento delbampivzza ¢ della frequenza degli athi respi-
ratori, aumento che divenla sempre maggiore col crescere della dose
del farmaco. In questo traceiato si vede, inoltre, che la pressione dopo
un legzero aumento  ridiventa normale, ma poi, mentre il respiro
sccresce notevolmente ampiczza ¢ frequenza, essa subisce un abbassa-
mento leggere ma progressiva. Nel secondo tracciato, ad un certo mo-
mento, corrispondentemente al rwddoppiamento della velocith d'ino-
culaziene del farmaco, Mampiczza del respiro aumenta ancora mentre
Ia frequenza diminuisce nolevolmente, ¢ la pressione arteriosa con-

a dlise

finua I sua lieve ¢ progressiv
ratori venno diminuendo in frequenza ed ampiczza ¢ la pressione con-

tinua ad abbassi

rsi - Hevemente prima, fortemente poi, Finalmente it
respiro si arresta ¢ la pressione conlinma o diminuire tendendo pid
rapidamente allo zero. Ma quando il respivo sioaeresta il cuore conti-
rua a pulsare sempre pit debolmente per qualehe tempo ancora.

Dalle due esperienze ora riporlate risulla che Pattivitd respirato-
ria viene assiiomodificala dalle diverse dosi del farmaco: cccitata in

un prime momento per le piceole veloeith @inoculazione fino a toe-
care il massimo, raggiunto questo, si ha poi una diminuzione progres-
siva dellattivita stessay diminuzione ehe culmina con un arresto defi-

nitive del respiro. La pressione arteriosa, dopos un aumento iniziale

di breve dorala. anchesso dimostrabile soltanto per le piceole veloeith
dtinoculazione, incomincia a diminuire ¢ tale diminuzione si esagera
auande il respiro sta per arrestarsi cosi che ta pressione sioriduce
moltissimo quando il respiro si arresta, 1 enore continua a pulsare

ancora quando il respiro ¢ del tulto arrestato,

sa. Pitt avanti i movimenti respi--

Fig. 3 (Tracciati 17 ¢ 2). - Aziune del gluconato di sodio sulla pressione arteriosa
sul respiro del coniglio (Esperienza 11t

1 Traccisto, 1" segno: si incomincia ad inoculare nella vens giugulare destra una solu-
zione N di gluconato di sodio alla velocita di cc | per Kg. e per minuto.

2" Tracciato, 1 segno: si raddoppia la velocita di iniezione.

2" segno: si saspende linoculazione del farmaco. Complessivamente rono

stati inoculati cc 40,30 di soluzione per Kg., corrispondenti a g. 8,7854, cioé a g-eq. 0,0403
di gluconato di sodio per Kg. ' ’

Segnale del tempo ogni 5*.
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I conclusivne, queste esperienze confermano quanto abblumo vi
sto in principio a proposito dello stindio dell*azione generale del far-
naeo sul coniglio. Osserviommo allora che  Fallivita cardiaca é poco
madifleata, mentre alterazion pit evidenti risultano a carico della fun-
zione respiratorin. Queste esperienze confermano, dunque, quelle. Sono
i carico del respiro le modificazioni piit inlense ¢ chiare, Quando gia
appare un aumento notevole dellattivith l‘l'S])il'&ll(ll‘i:l) In pressione pre-
senfa un avmento affallo trascurabile, ¢ mentre le modificazioni nel-
Lampicezza ¢ frequenza del respire diventano notevolissime, Ia pres-
sione arteriosa accusa una lieve, progressiva diminuzione ben lontana
dai cospicui mutamenti del respiro. Solamente quando Pattivita respi-

ratoria subisce una diminuzione assai forte, la pressione arteriosa si

abbassa di colpo in modo cospicuo ¢ tende allo zero. Ma quando gia il
respiro ¢ cessato nai assistinmo af perdurare dellattivita cardiaca che
solo qualche minuto dopo si arresta definitivamente,

HL — CONCLUSIONL

In base alle indagini svolte sulla farmacologin del gluconato di so-
dio si pud affermare che: :

1) la dose minima letale lontana per via endovenosa di gluconato

di sodiv & nel coniglio, di B 7030 (= &-cq. 0,035) per Kg. di peso cor--

pureo;

2% la morte delltanimale superiore (coniglio) avviene con un in-
debolimento progressive delle forze per Pazione depressiva esercilata
dal farmaco sul sistema nervoso centrale;

3) mentre le soluzioni a concenlrazioni basse del farmaco (da
g 2,18 : 10 milioni a g 218 : 10.000) sono indifferenti sull'attivita del
cuore isolato di rospo, & dimostrabile un'azione eccitanle solamente per
soluzioni alquante concentrate (1. 2,18 : 1.o00). Soluzioni molto pilt con-
centrate riescono ad arrestarlo definitivamente;

1) Pazione del gluconato di sodio sui vasi isolali del treno po-
sleriore di rospo  (preparazione alla LIWEN-TREXDELENBURG) & nella-
mente dilatatrice ¢ solo con le dosi molte alte il farmaco tende a ripor-
tare il calibro vasale in condizioni assai simili alle fisiologiche;

3 Pattiviti respiratoria del coniglio viene in genere esaltala dal-
la somministrazione per vin endovenosa di gluconato di sodio, Con ve-
locita di iniczione adatte s pud mettere in evidenza un’allivitd eccita-
trice sul respiro assai notevole Jn quale pud wcerescere enormemente
Pattivita dellapparato r(-spir:nlnrict. A questo periodo di-inlensa eceita-

— 13 —

zione segue un periodo depressive che porta afta paralisi delly funzione
respiratoria;

67) la pressionce sanguigna subisce in principio, jier dos{ non

“molto  forti del farmaco, un licve aumento, cuj segue wna diminuzione

progressiva che tende a porture la pressione allo zero. Quandao il respiro
tende ad arreslarsi, la pressione subisce una diminuzione brusea; al-
lorche fl respiro si ‘arrests, quella subisce un’ulteriore diminuzione,
mentre il cuore continun a pulsare uncora per qualche minuto.

RIASSUNTO

L’A. dimostru che nel coniglio la dose minima lelale lontana, per
via endovenosa, /el glucanato di sodio é di g. 7,030 (= g.-eq. 0,035)
per Kg. di p. c. e che la nmrle_ dell’'animale avviene con progressiva
diminuzione delle forze per luzione depressiva esercitala”dal furmace
sul sislema nervoso centrale. Sul cuore isolato di rospo il gluconato
di sodlo ha debole azione eccilunte solo in soluzioni alquanlo concen-
trate, mentre soluzioni mollo concentrale larrestano definitivamentes
Sui vasi isolali del treno posteriore di rospo il farmaco dimostra azig-
ne sempre cospicuamente dHalulrice, eccello che per le concentra-
zioni mollo alle, le qunali lendono a .ricondurre il calibro vasale’ ai
valori iniziali. Sul respiro il farmuco possiede azione nelfamente ec-
cilanle per dosi adatte; dosi pin elevale esplicano azione depressiva
sul respiro ed infine larrestano del tutlo. La pressione sanguigna an-
menla lievemente, dapprincipio, sollanto per dosi non forti del far-
maco: poi essa decresce continunamente lendendo allo zero. L'allivila
cardiaca conlinua per qualehe "minuto depo Uarresto del respiro.
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Acid effects and fate of acids in the organism ;

Report 1IV:
Determination of the hydrogen ion concentration in the urine and in flowing
rabbit blood after oral and intravenous supply of calcium and sodium salts

By Siegwart Hermann and Margot Zentner
Texf includes 2 figures
(Received June 10, 1938)

In the preceding reports (1) the remarkable fact was reported that chemic-
ally defined acids do not always behave as such physiologically, but that,

depending on their kind, they produce acid or alkaline reactions of the body

“fluids. Free acetic acid, for example, which chemically is clearly of an

acid nature, has a strongly alkalizing effect both after ingravenous and after
oral application., 1Its sodium salt has no markéd effect on venous'rabbit blood
after intravenous injection. when it is given by mouth, an alkalization of
the blood and urine occurs, due to the bacterial deg;adation of the sodium
gluconate to acetic acid, lactic acid, propionic acid, butyric acid and formic
acid taking place in the intestine, as these acids, or respectively their
sodium salts, alkalize the blood, as we were able to show.b Our studies have
clearly shown that it is not immaterial whether an acid is given in its free
form or as a salt. It was generally held that especially for oral administra-
ﬁion it did not matter much whether one or the other form was used. It was
considered that the salts are decomposed by the strong gastric hydrochloric
acid and that in the intestine salts form again through the alkali present.
This, however, can be true only for exceedingly small doses. But if it is a
matter of causing acid effects for therapeutic purposes, be it to mobilize

the body's miﬁeral salts or to acidify certain organs, e.g. the -urinary bass-
aées, it is imperative to administer free ‘acids which are of an acid nature

also physiologically. It is, therefore, not all the same whether a free acid
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or its salt is used. From a certain point of view, the sodium salts investi-
gated by us untilbnow may be termed fairly indifferent. But when the inten-
tion is to use salts whose cation is to be therapeutically effective, as is
the case for example with calcium salts, it appears desirable in several re-
sfects to learn something about the influence exerted by various calcium acid
compounds on the hydrogen ion concentration of the body fluids.

I. Variations of the blood and urine pH by calcium chloride

A n/8 solution of calcium chloride was injected at intervals into the Vena
jugularis of rabbits by the method described in our earlier reports (loc. cit.
1), aAd the hydrogen ion concentration was measured in the manner also pre-
viously described according to v. Brehmer's intravital mefhod. Portioﬂs of
10 cc wre injected continuwously within 3 minutes. The interval between in-
jections was 15-30 minutes. The lethal dose accordingly was 50-150 cc per kg
of animal, depending on the test arrangement. The pH of an n/8 calcium chlor-.
ide solution is about 5.5. We expected accordingly that the hydrogen ion con-
centration of the venous blood wou;d be increased. But as can be seen from
the curﬁe of figure 1, the very opposite is the case. The blood pH increases,
and accordingly the hydrogen ion concgntration becomes less. Thus there
occurs an unexpected alkalization of the venous blood (5 experiments).

Fig. 1.

1f the same quantities of n/8 calcium chloride are allowed to flow into
the esophagus at the same intervals of time by means of a dropping funnel,
and if one measures at different times the hydrogen ion concentration of the
venous blood, it is strange to note that there resqlté also a slight alkgliza-
tion of the blood,-as can likewise be seen from fig. 1 (3 experiments).

puring the intravenous and oral application, the urine was taken at differ-
ent times with a catheter and its pH was measured. Besides, 5 rabbits wre
‘fed n/8 calcium chloride, and the pH of the excreted urinelwas determined.
After intravenous as well as after oral administration of calcium chloride a

slight alkalization of the urine occurred. The respective values appear in

L



Tables 1 and 2,

Table 1. Variation of the rabbit urine pH after intravenous supply of various

salts.
Salt cc/kg .Initial pH Final pH
Mean Mean
45 5.55 6.00
n/4 ca gluconate 76 5.15 5.50 5.20 5.50
22 5.15 4,80
30 6.35 6.00
n/8 Ca gluconate 50 5.65 - 4.70
50 5.05 6.00
n/8 Ca chloride 55 5.35 6.80
63 5.30 5.70 6.25 6,50
150 5.30 5.55
90 7.50 7.90
n/2 Na gluconate 60 5,00 5.20 4.85 4,95
: 82 5.40 5.05
n/8 Na gluconate 30 5.40 5.43 4.45 4,47
26 5.45 4.50

Table 2. variation of the rabbit urine pH after oral supply of various

salts.
salt cc/kg Initial pH Final pH
Mean Mean

63 5.15 7.70

n/4 Calcium gluconate 73 5.25 5.19 6.60 6.81
20 5.15 5.80
15.7 5.20 6.05
45 5.35 5.65

n/8 Calcium chloride 45 5.60 5.30 6.65 6.24
30 5.10 5.95
95 5.15 6.71

n/2 Sodium gluconate 10 5.90 - * 6.20
10 5.60 5.70 8.80 8.18

10 5.60 9.55
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II., Variations of the blood and urine pH by calcium gluconate

Wwe had noted earlier already that sodium gluconate injected intravenously
behaves according to its own pH (6.05) and causes no essential alterations of
the venous blood. After injecting n/4 calcium gluconate, whose pH is 6.7,
tﬁeoretically one should expect no variation in the hydrogen ion concentration
of the venous blood, In reality, however,.as can be seen from fig. 2, it de-
creases, Therefore, venous rabbit blood is slightly alkalized by intravenous
injection of calcium gluconate (8 experiments),

In Report III (loc. cit.) we found as reason for the blood and urine alka-
lization caused by oral application of sodium gluconate the bacterial degrad-
ation of sodium gluconate in the intestine to acetic acid; lactic acid; prop-
ionié acid and formic acid. It was to be expected, therefore, that calciﬁm
gluconate would behave similarl&. As can be seen from fig. 2, the blood pH
is indeed increased (alkalized) after oral supply of calcium gluconate (5
experiments). To see if the degradation of the calcium gluconate by intestin-
al bacteria cah indeed be held responsible for the higher blood pH after oral
adminiétration, we inoculated n/8 éalcium gluconate solutions with pieces of
small intestine and colon in some tubes, incubating them at 37°C. Acidifica-
tion occurred. To prevent suppression of thé bacterial activity by the acid
formed, we neutralized about five times dquring the incubation time. For the
neutralization we purposely used sodium carbonate instead of calcium carbon-
ate, in order to simulate the natural conditions in the intestine. The
analyses were carried out after 20 days. In two tubes we found no acetic
acid at all, in two other tubes traces, and only in one tube acetic acid was
clearly identifiable. Formic acid, propionic acid, lactic acid and buty?ic
acid.were identifiable in all tubes. For oral administration, all degradation

products can be held responsible for the alkalization, as we had demonstrated

‘"before. Missing, however, is the most strongly alkalizing‘aqe;ic,acid, which,
; P )
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with the incubation of sodium glucoﬁate performed in the same mannér, is
present in large quantities, as can be seen from Table 3. The fact of the
degradation explains also that the blood alkalization by orally supplied cal-
cium gluconate cannot be attributed exclusively to the resorption of the cal-
cium ion, as would seem to be the case after orally supplied calcium chloride.

Table 3. Bacterial degradation in vitro.

Incubated at 37°C pH of the solution Incuba- Analysis of the
Inoculated with ' tion distillate
small intestine Start Max. vari- Neutral- time in

and colon pieces . ation ized with days

' Acetica a.: +4+;
n/8 Na gluconate “7.00 5.1 2n Na,CO_ 26 Propionic a.: +
Iactic a.s ++;
Formic -a.: +

) Acetic a.: 0 to trace;
n/8 Ca gluconate 6.55 5.0 2n Na,CO, 20 . Propionic a.: (+)

' Lactic a.: (4) to ++
Formic a.s: +;

Butyric a.: +

I11. Discussion of the test results

As the most remarkable fact resulting from our egperiments it should be em-
phasized that calcium chloride leads to an alkalization of the blood and of
the ﬁrine in rabbits both after intravenous injection and after oral adminis-
tration. We know that these findings are at variance with a generally recog-
nizéd affirmation according to which calcium chior;de is regarded as an acid-'
ifying agent. Calcium chloride is recommended in the literature to eliminate
alkalosis and the tetany it causes (2). The respective publications actually
refer to humans, that is, to omnivores, whereas our findings concern only
the plant-eating rabbit. To be able to take a stand on this problem, we must
wait for the outcome of our experiments on dogs. For the present we shall
discuss only the test results on rabbits. As has been mentioned, the intraven-
ous injection of calcium chloride leads to an alkalization of the urine, while
intravenously injected n/4 calcium gluconate hardly changes the hydrogen ion

concentration; n/8 Ca gluconate, however, acidifies. That after orally sup-
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plied calcium gluéonate the urine becomes méfe.alkﬁlin; is undoubtedlfiattri-
butable not only to the resorbed calcium ion, but also to the alkalizing de-
gradation products of gluconic acid produced by intestinal baéteria. Calcium
chloride given by mouth cannot be altered by intestinal bacteria. ihe reduc-
tion of the hydrogen ion concentratibn of the blood, that is, the alkalization
after orally supplied calcium chloride, would seem to be a result of the re-
sorbed cglcium ion or respectively of the conversion that has occurred in the
body fluids. It is noteworthy that after intravenous as well as oral calcium
chloride supply the urine pH adjusts itselfAto approximately the same value.
It appears, therefore, that after both intravenous and oral administration,
calcium chloride forms compounds with proteins, phqsphates and carbonates,
which are of importance for the change of reaction toward the alkaline side
of the blood and urine. 1In rabbits (herbivores), alkali chbridel is formed
in the body fluids by reaction of calcium chloride with phosphates, protein,
etc., and alkali gluconate by reaction of the calcium gluconate. The alkali
chloride formed corresponds at most to a 0,73% sodiﬁm chloride solution,
which after intravenous injection remains almost without influence on the
urine. Only after i.v. injection of 100 cc of a n/8 sodium chloride solﬁtion
(0.73%) did the urine pH decrease from 5.4 to 5.2. The situation is differ-
ent, however, with intravenously supplied n/4 and especially n/8 sodium glu-
conate which, as our experiments have shown, increases the urine hydrogen
ion concentration. when calcium gluconate is injected i.v., it must be
assumed that the gluconic acid component bound to calcium or respectively
the sodium gluconate formed by reaction suppresses the alkalizing effect of
the calcium compounds formed in the body on the urine, so that after intra-
venously injected calcium gluconate the urine pH either remains unchanged or
decreases, depending on the concentration. Intravenous injection of calcium

chloride, instead, causes an alkaline reaction, The alkali chloride forming
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by reaction is unable, as we have said beforé, to exert a neutralizing effect,
so that after orally and intravenously supplied calcium chloride the shift
toward the alkaline side due to formation of alkaline calcium compounds per-
sists. We must affirm, therefore, that in the rabbit intravenously injected
calcium chloride as well as calciun éluconate shift the blood pH toward the
alkaline side, and that the urine reaction after calcium chloride also be-
comes more alkaline, but that calcium gluconate does not shift the urine re-
action in alkaline direction due to the neutralizing effect of the gluconic
acid component (anion effect). Orally suppiied calcium chloride and calcium
gluconate sﬁift the reaction of the blood and urine in alkaline direction.
when the calcium gluconate is supplied orally, the neutralizing effect of the
gluconic acid component does not appear, because with the oral administration
of the calcium gluconate the gluconic acid component is destro?ed by the bac-
térial activity in the intestine, since from it other organic acids having
a physiologiéally alkalizing effect are formed. In the carnivore the situa-
tion should be somewhat different due to the formation of ammonium chloride
or ammonium gluconate. These experiments are not yet completed.
Summary

1. Intravenously or orélly supplied calcium chloride reduces the hydrogen
jon concentration of the blood as well as of the urine (alkalizes).

2. 1Intravenously injected calcium gluconate lowers the hydrogen ion con-
centration of the blood but leaves that of the urine unchanged due to the
neutralizing effect of the gluconic acid component, or leads to acidification.
Orally supplied calcium gluconate reduces the hydrogen ion concentration of
the blood and urine. With the oral administration, the gluconic acid compon-
ent is degraded by the intestinal bacteria to organic’acids, which alka}izé
physiologically.

3. 1Intravenously injected sodium gluconate .increases the hydrogen ion



-8 -

concentra?ion ofvthe urine._'oﬁgiiyﬁgdministered sodium gluconate reduces the
hydrogen ion concentration of the urine due to intestinal bacterial activity
(alkalizes).

4. The bacterial degradation of the calcium gluconate by intestinal bac-
teria leads to lactic acid, formic acid and butyric acid and differs from
the bacterial degradation of sodium gluéonate by the absence of acetic acid.

5. At variance with the views set down in the literature, calcium chlor-
ide not oﬁly does not cause acidification, but causes alkalization. It should

‘be stressed, however, that the data contained in the literature relate to
tests on man and not, as in our case, to herbivores. Experiments on carni-

vores are being made by us.

1) siegwarﬁ Hermann, Richard Neiger and Margo zentner: Naunyn-Schmiede-
bergs Arch. 188, 596-537 (1938) Reports I and II; Report III, 189, 538-546
(1938).

(2) Gydrgy: See literature listing in Starkenstein, Handb. d. Physiol-

ogie li' 398 (1929).

pranslated by Carl Demrick Associates, Inc./LH/db
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Ats dem Privic forselungsinstiont in Peag, (Vorstaaud: Ve, Sicgwart Hormann,
Privatdozent der Deutsehen Universitiit in Prag.)

Siurewirkungen und Siureschicksal im ()rg:uﬂsnms.’
1V, Mitteilung:
Bestimmung  der Wasserstoffionenkonzentration im Iarn
und im stromenden Kaninchenblut nach peroraler und intra-
venodser Zufulir von Caleium- und Natriumsalzen.

Von )
Siegwart ITermanun und Mareot Zentner.
=] o )

Mit 2 Textabbildungen.

(Eingegangen am 10, Juni 1938.)

In den vorangehenden Mitteilungen? wurde iiber dic bemerkenswerte
Tatsache berichtet, dal chemisch definierte Siuren sich physiologisch
nicht immer als solche verhalten, sondern daB sie je nach ihrer Art saure
oder alkalische Reaktionen der Korperfliissigkeiten hervorrufen. So wirkt
z. B. freic Essigsiore, die chemisch eindeutigen Siurecharakter hat, sowohl
nach intravendser als auch nach oraler Applikation stark alkalisicrend.
Freie Gluconsiure siuert nach allen Applikationsarten. - Thr Natriumsalz
hat nach intravendser Injektion keine wesentliche Wirkung auf das vendse
Kaninchenblut. Wird es per os verabreicht, so tritt infolge des im Darm
stattfindenden bukteriellen Abbaues des Natriumgluconats zu Essigsiiure,
Milehsiure, Propionsiure, Buttersiure und Ameisensiiure eine Alkalisierung
des Blutes und des Harnes ein, da diese Siuren bzw. ihre Natriumsalze,
wie wir zeigen konnten, das Blut alkalisicren. Unsere Untersuchungen
haben deutlich gezcigt, daBl es nicht gleichgiiltig ist, ob eine Siure in ihrer
freien Form oder als Salz verabreicht wird. Im allgencinen war man der
Meinung, dall es insbesondere fiir die orale Darreichung mehr oder weniger
gleichgiiltig sci. ob die eine oder die andere Form verwendet wird. Man ging
dabet von der Vorstellung aus, daf8 die Salze durch die starke Magensalz-
siiure zerlegt werrden und daBl sich im Darm durch das vorhandene Alkali
wieder Salze bilicn. Dies kann jedoch nur sehr bedingt fiir auBerordentlich
Kleine Dosieringen gelten. IHandelt es sich aber darum, Siureivirkungen
zum Zwecke der therapentischen Beeinflussung, sei es zur Mobilisicrung
der Kérpermineralsalze oder zur Siucrung bestimmter Organe, z. B. der
Harnwege, hervorzurufen, so ist es unbedingt notwendig, freie Siuren zu
verabreichen, die auch physiologischen Siurecharakter haben. Es ist also

' Hermann, Siegwart, Richard Neiger u. Margot Zentner: Naunyn-
Schuniedeberys Areh. 188, 526—337 (1938) 1. . II. Mitteilung; III. Mitteilung 189,
B3Y—54G (1938, '
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kte als cinigermaBen indifferent bezeichnet werden. Handelt es sich
+ darum, Salze verwenden, deren Kation therapeutisch wirksam
soll, wi¢ dies z. 5. bei Calciumsalzen der Tall ist, so erscheint es in
icher Hingicht wiinschenswert, etwas fiber den Einfluf auf dic Wasser-
fionenkonzendration der Korpersiifte zu erfahren, den verschicdene
dum-Siure-Verbindungen ausiiben.

1. Xnderungen des Blut- und Harn-pu durch Caleiumeltorid.

Es wurde eine n/$ Lisung von Caleivmchlorid nach der in unseren
reren Mitteilungen (1. c. 1) beschriebenen Methodik in dic Vena jugunlaris
Kaninchen in Intervallen injiziert und die Wasserstoffionenkonzen-
jon in der gleichfalls frither beschrichenen Weise nach der intravitalen

2-Callyperos
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Abb. 1.

thode von v. Brehmer gemessen. Injiziert wurden je 10 cem konti-
exlich innerhalb 3 Minuten, Der Abstand von einer Injektion zur anderen
rug 15—30 Minuten. Die todliche Dosis war dementsprechend je nach
-Versuchsanordnung 50—150 cem pro kg Tier. Das pu einer n/8 Calcium-
oridlosung betriigt ctwa 5,5. Danach haben® wir erwartet, daB die
\sserstoffionenkonzentration des vendsen Blutes erhiht werden wird.
¢ aus der Kurve der AL, 1 zu ersehen ist, tritt aber gerade das Gegenteil
.. Das Blut-py steigt an, die Wasserstoffionenkonzentration wird dem-
ch geringer. Fs tritt also cine unerwartete Alkalisicrung des vendsen
utes ein (5 Versuche). :

LaBt man dic gleichén Mengew n/8 Calciumchlorid in gleichen Zeit-
stinden mittels Tropftrichter in den Ocsophagus einflicfen und miBt in
rschiedenen Zeitpunkten dic Wasserstolfionenkonzentration des vendsen
utes, so crgibt sich, wie gleichifalls aus der Abb.1 hervorgeht, sonder-
rerweise auch ecine leichte Blutalkalisierang (3 Versuclie).

Wihrend der intravenisen und oralen Applikation wurde der Harn

ittels Katheter in versehiedenen Zeitpunkten entnommien und sein pie
messen. Auberdem wurden 5 Kaninchen mit n/8 Calciumehlorid ge-
ttert und das pu des abgedrickten Harnes bestimmt.  Sowohl nach der
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aus den Tabellen b ound 2 7y crnelien,

Tabelle 1. Anderung des Kaninchenharn-py nuach intravenise

verschiedener Salze.

ifulir

. .\n'(.;:u.;.::-p" Ende oy
3¢ ""I“Ihl ! — - N I Loe - -
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,00 00
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- Pabello2. Anderung des Kaninchenharn-pu nach peroraler Zufuhr,
verschiedener Salze.
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n/2 Natriumgluconat ... 10 5,60 5,70 8,5 .} 8,18
| 10 5,60 95 |

-

II. Anderungen des Blut- und Harn-py durch (‘nlcimuglucrmnt.'

Wir haben bereits frither festgestellt, daB sich dntravenis injiziertes
Natriumgluconat scinem eigenen pu (6,05) gemiB verhilt und keive
wesentlichen Anderungen des vendsen Blutes herbeifiilivt.  Injiziert man
n/4 Calciumgluconat, dessen py 6,7 betriigt, so wiire theoretisch keine Ver-
anderung der Wasserstoffionenkonzentration des vendsen Blutes zu er-

arten. In Wirklichkeit nimmt sie.aber wie aus der Abh. 2 zn erschen ist,

w

Calciumgluconat schwach alkalisiert (8 Versuche).

~

_ Das vendse Kaninchenblut wird also durch intravenise Tnjektion von



NIEET 1 e, CEENIEe g konmiten swir als Giand der durelc orale
Applikation von Natriumgluconat hervorgerufenen Blut- und 1arnalkali-
sicrung den ba  iellen Abbau des Natriumgluconats im Darm zn Fssig-
siiure, Milehsiiny e, Propionsiture und Ameisensiiure feststellen. Jis war also

zu erwarten, dafl sich Calciumgluconat in der gleichen Weise verhalten

wird. Wie aus der Abh, 2 ersichtlich ist, wird das Blut-py nach oraler
Zufubr von Calcimmgluconat auch fatsiichlich erhéht (alkalisiert) (5 Ver-
suche). Um zu sehen, ob der Abbau des Caleiumgluconats durch Darmi-
hakterien tatsiichlich fiir die Blut- py-Erhilung nach ovaler Zufulir verant-
wortlich gemacht werden kann, haben wir in einigen Kolben n/8 Caleium-
gluconatlsungen mit Diinn- und Dickdarmstiicken beimpft und bei 87°C
bebriitet. Es trat Siuerung ein. Damit die Bakterientiitigkeit dwreh die
entstandene Siture nicht unterdriickt werde, wurde wihrend der Be-
briitungsdaucer etwa fiinfmal abgestumpft. Fiir die Neutralisation wurde
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Abb. 2,

anstatt Caleiumearbonat mit Absicht Natriumearbonat verwendet, um die
natiirlichen Verhilltnisse im Darm  einigermafien nachzualimen.  Nach
20 Tagen wurden die Analysen durchgefithrt. Essigsiure war in zwei Kolhen
iiberhaupt nicht, in weiteren zwei Kolben in Spuren und nur in einem
Kolben deutlich nachweisbar. Awmeisensiure, Propionsiinre, Milehsiiure
und Butiersiiure konnte in allen Kolben nachgewiesen werden. Alle Abbau-

Tabelle 3. Bakterieller Abbau in vitro.

pg der Lisuug " Duuer
Rebriitet hof 370 C _ “duylh‘.- Aval des Destill
Mit Diinti- uned Dichdarm- Max. ! . hriltung nalyse des Destillates
stiicken Leimpft !,-\nf:mg in- ! Abgestumpft in -
derung mit Tagen

Essigsiure: + + + ; Pro-
pionsiure: +

l Milchsiure: +4;
{
|
i

n/8 Natriumgluconat ..} 7,00 | 51 [2n Nay,COy| 26

; Amcisensiure: +
Propionsiure (-+)
Milehsitures () bis + +
Amcizensiiure: + 5 But-

tersiture: 4

2n Na, €Oyl 20

n 8 Calciumgluconat . ; 6,55 5,0

Essigsivnre: 0 bis Spur;
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frane popnnen
gewicsen haben, fiir die Alkalisierung verantwortlich gemacht werden.
Bs fehlt allerdings dic am stiirksten alkalisierende Issigsiur  ‘ie bei der
in gleicher Weise vorgenommenen Bebrittung des Natriun.uconats m
grofien Mengen vorhanden ist, wie aus der Tabelle 3 hervorgelit. Die Tai-
sache des Abbaues erkliiet auch, dafi die Blutalkalisicrung durelr oral zu-
gefithries Caleiumgluconat nicht ausschlicBlich auf Rechnnnyg der Re-
sorption des Caleinmions zu setzen ist, wie dies nach oral zugefithrten
Caleinmellorid der Fall sein diifre,

1. Besprechung der Versuchsergehnisso.

Als bemerkenswerteste Tatsache, die sich aus unseren Versuchen er-
ergeben hat, ist hervorzuheben, daB Calciumehlorid sowohl nach intra-
vendser Injcktion als auch nach oraler Darrcichung bei Kaninchen zu einer
Alkalisicrung des Blutes und des Iarnes fiihrt. Wir wissen, daf} wir uns
bei diesen Feststellungen im Gegensatz zu einer allgemein anerkannten
Behauptung befinden, nach welcher Calciumehlorid als situerndes Agens an-
geschen wird, Calciumnchlorid wird im Schrifttun zur Beseitigung dee
Alkalose und der dadurch bedingten Tetanie empfohlen® Die diesheziig-
lichen Arbeiten beziehen sich allerdings auf Menschen, also auf Omnivoren,
withrend unsere Feststellungen lediglich das pflanzenfressende Kaninchen
betreffen. Um zu diesem Fragenkomplex Stellung nelimen zu konnen,
miissen wir erst die Jrgebnisse unserer Versuche an Hunden abwarten. '
Vorliufig wollen wir nur die Versuchsresultate bei Kaninchen hesprechen.
Wie bereits exwiithnt, hat die intravendse Injektion von Calcinmchlorid eine
Alkalisiérung des Harnes zur Folge, wiihrend intravends injiziertes
n/4 Calciwngluconat die Wasscrstoffionenkonzentration kawm veriindert;
n/8 Ca-Gluconat jedoch siuert. DaB der lfarn nach oral zugefithrtem
Calcimmglucenat alkalischer wird ist zweifellos nicht nur auf das resorhicrte
Calciumion zuriickzufithren, sondern auch auf die durch Danubakterien
entstandenen alkalisierenden Abbauprodukte der Gluconsinre. Per os
verabreichtes Caleimnchlorid kann dureh Davmbakterien nicht verindert
werden. Dic Verringerung der Wasserstoffionenkonzentration des Blutes,
also die Alkalisicrung nach oral zugefiilirteain Calciumchlorid, diirfte cine
Folge des resorbierten Calciumions bzw. der in den Kisrpersiiften erfolgten
Umsetzung sein. Es ist bemerkenswert, daB sich das Han-py senvold nieh
intravends als auch nach oral zugefithrtem Calciumehlorid ungefidie auf
den gleichen Wert einstellt. Caleumcehlorid diirfte somit nach intravess.er
als auch nach oraler Verabreichung Verbindvngero mit Fiweiltiipern,
Phosphaten und Carbonaten cingehen, welele fiie die Reahtionfodoruny
nach der alkalischen Seite des Blutes und des Harnes von Bedeutung sind.

2 Gyirgy: Siche Literunturavecr nenstellun s Starhensteing Tt o
Physiclogie 13, 505 (1),
Archiv f. exporiment, Puth. uo Fharmahol. B 1es, 21



1 S. HerMaxy und M. ZENTNER:

i Kaninchen (Herbivoren) bildet sich in den Xérpersiften durch Um- -

zung des Caleiumehlorids mit Phosphaten, Eiweill usw. Alkalichlorid
d durch Umsetzung des Caleiumgluconats Alkaligluconat. Das gebildete
kaliehlorid entspricht hichstens einer 0,73 %igen Natriumehloridlosung,
lche nach intraveniser Injektion auf den Harn fast oline Kinflufl bleibt.
st nach i. v, Injektion von 100 com einer n/8 Natriumchloridlosung
730;) ging das 1larn-pu von 5,4 auf 5,2 zuriick.  Anders verhiilt sich
er intravends zugefithrtes nf4 und vor allem n/8 Natriumgluconat, das,
¢ unsere Versuche ergeben haben, die Harn-Wasserstoffionenkonzen-
wtion erhoht. Wird Calciumgluconat i. v. injiziert, so ist anzunchmen,
8 durch den an Caleium gebundenen Gluconsiiurcanteil bzw. das
weh Umsetzung entstandene Natriumgluconat die alkalisierende Wir-
mg der im Korper entstundenen Calciumverbindungen auf den Harn
ralysiert wird, so daf nach intravends injiziertem Calciumgluconat
s Harn-pi je nach der Konzentration ent weder unveriindert bleibt,
ler absinkt. Dic intravenise Injektion von Caleiumehlorid hat hin-
gen cine alkalische Reaktion zur Tolge. Das sich durch Umsetzung
Wonde Alkalichlorid vermag, wie wir bereits gesagt hahen, keine necutrali-
srende Wirkung anszuiiben, so dafl nach oral und intravends zugefithrtem
Jeiumehlorid  die Reaktionsverschiebung infolge Bildung alkalischer
ileiumverbindungen nach der alkalischen Seite bestchen Bleibt. Wirmiissen
so festhalten, daB beim Kaninchen sowohl intravends injizicrtes
Jleiumellorid als auch Caleiumgluconat das Blut-py nach der alkali-
shen Seite verschichen und dafl die Harnreaktion nach Caleium-
hlorid ghichfalls alkalischer wird, daB aber Calciumgluconat dic
“arnteaktion infolge der neutralisicrenden Wirkung des gluconsauren
nteiles (Anionenwirkung) nicht nach der alkalischen Richtung
erschiobt. Oral zugefiihrtes Calciumchlorid und Calciumgluconat ver-
hichen die Tleaktion des Blutes und des Harnes nach der alkalischen
ichtung. Bei oraler Zufuhr tritt heim Calciumgluconat dic neutrali-
erende Wirkung des’ Gluconsiurcanteiles nicht in Erscheinung, weil bei
er oralen Darrcichung des Calcimmngluconats der Cluconsiureanteil durch
ie Bakterientiitigkeit im Darm vernichtet wird, da sich aus ihm andere
rganische Siiuren mit physiologisch alkalisierender Wirkung bilden. Beim
leischfresser diirften die Verhiltnisse infolge der Bildung von Ammon-
blorid bzw. Ammongluconat ctwas anders liegen. Diese Versuche sind

och nicht beendet.
Zusammenfassung.
1. Intravends oder oral zugefiihrtes Calciumchlorid setzt sowohl die
Vasserstoffionenkonzentration des Blutes als auch dic des Harns herab

alkalisiert).
9. Intravends injiziertes Calciumgluconat vermindert die Wasser-
toffionenkonzentration des Blutes, 1iBt aber dic des Harns infolge der

Sawrewirkungen und Sitwreschicksel b Qrgonismns, IV, 315

neutralisierenden Wirkung des Gluconsiinreanteils wnveriindert oder fiilnt

zur Siuerung. Oral angefithirtes Caleiumgluconat. setat die Wasserstoff-

jonenkonzentration des Blutes und des Harns herab, Bei der oralen Dar-

reichunyg wird der Gluconsiinrcanteil von den Darmbakterien zo organischen
Siiuren abgebaut, welehe physiologizeh alkalisieren,

3. Intravends injiziertes Natrinmgluconat erhiht die Wasserstoff-
jonenkonzentration des Harns, Per os verabreichtes Natrimngluconat ver-
mwindert die Wasserstoffionenkanzentration des Harns infolge der Darimn-
balkterientiitizkeit (alkalisiert).

4. Der bakterielle Abbau des Calciumgluconats durel Darmbakterien
fiihrt zu Milchsiiure, Ameisensiiure und Buttersiiure und unterscheidet
sich von dem baktericllen Abbau des Natrimngluconats durch das Fehlen
von Jissigsiture.

5. Im Gegensatz zu den im Schrifttum niedergelegten Anschauungen
bewirkt Calciumchlorid nicht nur keine Siucrung, sondern eine Alkali-
sierung. s ist jedoch zu betonep, daf sich dic.in der Literatur befindlichen
Angaben auf Versuche beim Menschen und nicht, wie in unserem Falle,
auf Iflanzenfresser beziehen. Versuche an Fleischfressern werden von uns
angostellt. '

-
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FIG. 2. Time relationship between inj, of tritiated
thrmidine and appearance of label in the various
celis of the neutrophil series, (1atehed bars, male
beugle; open bars, female beagle.)

" during aspiration, which influences the per-
centage of labeled segmented neutrophils-in
marrow. When this factor is considered, it is
clear that the true peak in marrow occurs
about a day earlier than in the periphery. A
similar sequence of segmented neutrophils in
marrow and blood has been seen in the mouse
with C'¥-labeled aderine(5). Tt is of inter-
est to note that labeled myelocytes may be de-
tectable in marrow for several days. It can
be inferred from this that some labeled neu-
trophils are released to the circulation for
about an equivalent length of time, although
in dcvcrcasing numbers. This conclusion is
supported by an apparent decrease in grain
counts of the peripheral neutrophils with time.
The overall sequence of events is depicted in
Fig. 2. Comparable results were obtained in
both dogs. :

There is, in general, a reasonable corre-
spondence between these results and the in-
direct approximations of neutrophil balance
reported previously (6.7). It would appear
from these data that the time for differentia-
tion of a myelocyte to a sexmented neutrophil
in the dog is between 2 and 3 days. Another
2 to 3 days are spent in the segmented form.
More detailed counting and more frequent
sampling is necessary, however, to establish
the precise chronelogy of neutrophil matura-
tion and the life cycle of the proliferating ele-
ments.

Summary. The pattern . of neutrophilic
granulocyte development has been studied in
2 dogs by high resolution radioautegraphy
with tritiated thymidine. Two to 3 days are
required for differentiation from the myelo-
cyte to the segmented neutrophil. The half
time for disappearance of the latter in the
periphery appears to be of the order of 2 days.
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Effectiveness of Gluconate, Chloride, and Other Sodium Solutions in

Tr of Experi

I Burn Shock.* (24191)

Doveras Linpsev (Introduced by R. W. Clarke)
Walter Reed Army Inst. of Researck, Washington, D. C., and Chemical Warfare Laboratories,
Army Chemical Center, Md.

There is adequate experimental(1.2.3) and
clinical(4,5.6,7) evidence for the effective-
ness of oral sodium solutions in prevention
and treatment of burn shock. For other types
of shock the experimental evidence(8.9,10.11)
is just as good, but clinical confirmation is

meager. There is relatively little evidence on

*Dr. R. Carl Millican and Dr. Sanford M. Rcsen-
thal of N.ILH. made their laboratory available for
preliminary experiments.  Dr.  Stanley Levenson,
Walter Reed Army Inst. of Rescarch, furnished en.
couragement and criticism.
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optimum electrolyte composition of solutions
for oral use. In particular, there has been no
systematic approach to the design of an oral
sodium solution which will offer a great im-
provement in palatability with minimal, if
any, loss of effectiveness. Palatability of cur-
rently employed solutions has been no great
problem in hospital use, but it may be of ma-
Jor importance in treatment of burns en
masse.  Acceptability of iced solution in hos-
pital environment might be expected to be
better than acceptability of the same solution
in tepid water on battlefield or in temporary
facilities of a disaster-stricken city. Qur study
approached the determination of an effective,
but more palatable, oral sodium solution by
comparing effectiveness of solutions of a
number of sodium salts. singly and in various
combinations; and by appraising the influence
on effectiveness of various ancillary measures
for improving palatability.

Methods. Mice were subjected to standard
thermal injury, and were treated with various
sodium solutions. Mortality measured at 24
hours was chosen as criterion of effectiveness
of the solutions, after recommendations of
Hamilton ef al.(12), Rosenthal and Millican
(13), and Allen(14). The 24 hour point ap-
pears to offer a separation between early
deaths, due to shock, and late deaths, due to
other factors(15). The anions chosen for
study included chloride, because it is the ex-
perimental standard; bicarbonate, lactate,
citrate, and acetate, because they have been
used clinically; gluconate, because it is quite
palatable:t and succinate, in spite of its im-
palatability, because it has been used experi-
mentally with recognition of its influence on
respiration of damaged tissue(16,17). Solu-
tions were administered in 2 doses; the first
given orally, the second either orally or in-
traperitoneally. * Intraperitoneal injection
was selected for the second dose as a matter
of convenience. Rosenthal(1) and Millican
et al.(18) found no difference between the
effect of oral and intraperitoneal administra-
tion. After preliminary experiments, a total

tDr. Joseph M. White and Miss R, Millard called
my attentiun to the palatability of sodium gluconate,

dosage of 18% of body weight was selectal,
This volume approaches the tolerance of ani.
mals for rapid oral administration, and a laree
dose was desired 1o increase the probability
of detecting any deleterious efiect from exce.
sive dosage of anions. Female albino mice
were lightly anesthetized with ether and im-
mersed to the axilla in water at 70°C. The
hair was not clipped, current practice in Ro-
senthal’s laboratory. The mice were of 2 dif.
ferent strains and weights: 1500 were W. R,
Bagg mice of 12-14 g; 1215 were CWL mice of
14-18 g. In individual experiments all mice
were of same strain, weight, and nutritiona)
status. Period of immersion was adjusted to
strain and weight of animals to obtain in un.
treated animals a 24 hour mortality of 80%;
to <100%. All W. R. Bagg mice were im-
mersed for 7 seconds. CWL mice were im-
mersed 8 seconds or 8.5 seconds; 0.5 second
was added to immersion time for groups of
mice which appeared unusually vigorous and
active, In 2 experiments (A, Tables I and
II) mortality of untreated animals fell outside
the range 80% to <100%. These experi-
ments were repeated (B, Tables I and If).
For experiments involving W R. Bagg mice

perature was 23.5°C =
1.5%; for CWL mice, 22.8°C + 06°. Im-
mediately after immersion, the first dose was
administered by gavage. The second dose fol-
lowed at 2 hours. With 2 exceptions, all solu-
tions contained sodium as the only cation. and
in concentration of 140 meql. The Lac-
tated Ringer’s Solution was the USP product.
and one of the multiple ion furmulations con-
tained 145 meq.1 of sodium, the additional
S meq/l being in a ilavoring agent. Con-
fidence limits (95% ) of percentage mortality
were computed by the formula:

envir 1t

CL.=p=x ( te, X V/?).

Probability (p) figures for validity of dif-
ferences in mortality were obtained from
stundard t tables, with t computed by the

| |6
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All p values quoted are for mathematically
independent comparisons of data involving
the same immersion times, and animals of
<ame strain. weight, and nutritional status,
Results.  Standard solutions. Following
treatment  with sodium chloride, Lactated
Ringer's Solution. and the customary (6,7,19)
chloride-bicarbonate mixtuyre, mortality was
approximately the same (Table I1I). Mor-

TABLE I, Mortality following Treatment with
Lartate and Chloride as Related to Untreated Mor-

tality,

Sulution®

Chloride Nowe 140 105 70 35

Lactate  Xone 35 70 105 140
Fap. A .

Ld (i%) (23) 33 33 13 33 R

» (30) (80) 30 30 30 39
Exp.B

t (97) (85 73 43 67 g7

u 30 30 30 30 30 03

Strain, W, R. Bagg: wt, 1214 g; immersion,
¥ we.: method of admin,, 6% body wt by gavage,
12% intraper,

( ) = Data utilized in Table ITI.
n = No. of animals.
* Figures — Anions in meq/L

t Mortality at o4 hr.
i Tetany observed,

tality following treatment with sodium chlor-
ule is much higher than that reported by Mil-
lican ef al.(2) in similar, but not exactly com-
iarable, experiments. “However, the signifi-

TABLE II, Mortality following Treatment with Chloride
or Greater Than LD,,.

TABLE 111, Mortality following Treatment with
Standnrd Solutions,

C193 Lactated
Solution®  None Cl140 HCO,47 Ringer's
+ 84 .28 24 31
S5CL .03 * 041 030 042
n 120 120 120 120

Strain, W, R, Bagg; wt, 12-14 g; immersion, 7
scc. ;- method of admin., 69 body wt by gavage,
12% intraper,

n = XNo, of anhmals,

B5C. L. = 95% confidence limits,

* Figures = Anions in meq/1,

t Mortality at 24 hr,

cant criterion is the deviation from control
which occurs as a result of treatment . ,
(20).

Single anions in concentration of 140 meq/
I Under our conditions, some anions (lac.
tate, acetate, bicarbonate, citrate) are far
less effective than chloride in lowering mortal-
ity below that of the control (untreated)
group (Table IV). That this lack of effec-
tiveness may be the result of active toxicity
is suggested by appearance of tetany in some
groups of animals treated with these anions
alone or in high concentration with chloride
(Tables 1V, V). Tetany was never seen in
animals treated with gluconate, and only
rarely with succinate. The number of ani-
mals used in simultaneous comparison, pre-
sented in Table IV, is too small to give valid-
ity to differences between lactate, acetate, bi-
carbonate, and citrate, which showed a mor.
tality range of 77-97%. Succinate was sig-
nificantly more effective than lactate (p<
02). In this experiment no valid difference

and Gluconnte if Injury Is Equal to

Solution®
Chloride None 140 1225 108 87.5 0 525 33 17.5
Glucouate None 175 335 525 70 875 105 1225 140
Exp. A
4 100 27 47 20 67 60 .73 67 .93 93
‘B 30 15 15 15 15 15 13 15 15 13
Exp. B
t 93 13 07 .13 07 a3 07 07 13 47
n 15 15 13 13 15 15 15 13 15 13

Straiu, CWL: wt, 14-18 &; immersion: A, 8.5 see.; B, 8 see.; methiod of admin,, 6% body

w1 by gavuge, 129 intraper,
* Figures = Anjons in meg/1

t Mortality at 24 hr.

-t = No. of animals,

- o -

GLUCONATE IN EXPERIMENTAL BurN SHocx
TABLE IV. Mortality following Treatment with Various Anions, 140 meq 1,
Lawtateq
Solution None Cl Glue Suee Lact Aeet HCO, Citr Rn!g..,“
2 40 47 a7 a7 E.14 R (s,
-'. 2:3; 2333 30 3°  30*  30* 30 30 (2

Strain, W, R, Bagg; wt, 12-14 g; immersion, T ree. :x method of aduiin,, 6% of boly wy by

avage, 12% in
¥ n‘= No. of a

* Tetany observed. t Mortality

between gluconate and chloride is demon-
strated. However, when total experience
with 140 meq/] gluconate solution is com-
pared with experience with 140 meq/1 chlor-
ide solution, the lesser effectiveness of glu-
conate is more striking: Cl 23% (n = 90),
Glue 519 (n = 90), no treatment 93% (n =
105): C1 vs. Gluc p<.001.

Mixtures of chloride and other anions. In
spite of the relative ineffectiveness of non-
chloride anions of sodium when used alone,
the results from mixtures of these anions with
chloride (Table V) indicate that potency of
chloride is generally retained even when it is
diluted half and half with a non-chloride an-
ion. The data on gluconate-chloride mixtures
(Tables II, V') indicate that even three-quar-
ters of the chioride in a 150 meq/1 solution

{ ) = Data utilized in Table III.

at 24 hr,

might be replaced with gluconate without o
nounced loss of effectiveness.

Eflect of citrate, and free citric acid in mis-
tures. It was anticipated that citrate or free
citric acid or both might prove deleteriimus on
parenteral injection. Consequently. tests fur
effectiveness of some formulations containins
citrate and citric acid included both oral aml
intraperitoneal administration.  Citrate in
concentration of 35 meq 1 may be deleteri-
ous on intraperitoneal injection. but the -
tality data are not conclusive: both doses oral,
20% (n = 30); second dose intraperitoneal.
63% (n = 75). However, these are cont-
posite figures from several difierent experi.
ments. A single paired experiment did nwt
demonstrate a significant difference (oral
40%, intraperitoneal 47%). It is clear that

TABLE V. Composite Mortality following Treatment with Graded Proportions of Chloride and

Other Anions.
Lactated
Solution None Ringer's
Chloride* o 103 93 70 35 109
Non-chloride anion® 33 47 70 105 140 28
_— 91 .36
255 270
t 23 31 30 49
Glue n 60 3 60 73
33 50 33 43 85
Suee . . € 30 30 S0 60}
1 53 .20 30 31 £2 31
Lact n 80 30 90 43 902 120
t 40 S50 51 27
Acet 30 60 45 308
HCO t 37 29 43 53 87
‘s 6 90 80 15 ‘st
t t 63 80 . 87 97
Gitr n 75 30 1858 30
Data not ble for iml 1 1l 1 results with W, B.

lout pari Composi
Bagg 13 g mice immersed 7 l:’f.. aud CWL 16 g mice immersed 8 and 8.5 sce. Method of ad-

min., 6% bady wt by gavage, 12% intraper,
& == No. of animals,
* Figures = Anious in meq/l.

t Mortality at 24 hr.

¢ Tetany observed.
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GLUCONATE IN EXPERIMENTAL BURN SHock - 807
TABLE VI. Mortality ing Tr with Solutions Containing Free Citrie Aeld.
Solution® Noune C1140 possimee————Cl 68, Glue 46, Cite 26—wew——my
Free citric aeid, g1 0 [ 15 3.0 3.0 45 45
Method of sdmin, P P P P o P 0
t 98 40 AT 8 60 27 97 42
n 60 60 13 15 15 15 60 138

Strain, CWL; wt, 14-18 g; immersion, 8.5 see.

P == 6% of bodv wt at 0 hr by gavage; 12% of body wt at 2 hr, mtnpe:h-

= 8% of body

wt at 0 hr by gavage; 9% of body wt at 2 hr by gavage, n = No. of

* Figures = Aniors in meq/L

citrate is tolerated well at 35 meq/l and less
on otal administration (Tables VI, VII). Free
citric acid, 4.5 g 1, definitely increases mor-
tality when given intraperitoneally (Table
VI). Addition of a sweetening agent, and ef-
fervescence in the solution, do not appear to
impair efiectiveness after oral administration
(Table VII).

Discussion. Froma pharmaceutical stand-
point, it is very difficult to alter, conceal, or
compensate for the taste of chloride in concen-
trations of 90 meq-1 or higher. It would be
a great gain in palatability if the chloride com-

ponent of oral sodium solutiens could be ve- .

duced below this level. Such appears feas-
ible, from the point of view of burn shock
prevention and treatment, with the use
of several non-chloride ions (acetate, citrate,
lactate, gluconate}. which in themselves are
quite palatable. Of these, the safest appears
to be gluconate, since it is the most effective
in 140 meq -} solution, and has not shown a
toxic effect under our conditions.

Additiona! gains in palatability can be ob-
TABLE VII. Mortality following Treatment with

Solution Containing  Effervesecnce,  Sweetening
Agent, and Citrie Acid,

C135, Glue 80,

Citr 25¢
Solution® None Q40 —mM
Method of admin. P P 4]
t 91 42 Jq0 39
n 45 60 30 120

Strain, CWL: wt, 1418 g; immersion, 8.5 m
P = 6 of body wt at 0 hr h\' g\\'ngc 12% of

body wt at 2 br, intraper, O = #%% of budy wt at
0 hr by gavage: 9%% of body wt '\l 2 hr by gavage,
n = No. of animals,
* Figures Anivns in meq/L

4 Mortsli t 24 hr,

¢ Plua free citrie acid, 3.0 g/1, and sodinm eyelo-
hex\hnlrmn.-h 3 meq b effervescent — citrate
forined by interaction of eitrie ncid nnd Nullto,

1 Mortality at 24 br,

tained by effervescence with CO., free citric
acid, and a sweetening agent.! To date, the
best compromise I have found between effec-
tiveness in burned mice and subjective pala-
tability to the author’s family and neighbors
is:$

Sodium chloride 2.0
- gluconate 174
" biearbonate 21

Citric acid, anhydrous 4.8
Bodium ey elohexvhulfamnu l ]

In one liter of water the solutlon offers a
pleasant taste, an attractive fizz, and the fol-
lowing ionic composition:

RKodium 145 meq/1

Chloride 35

Glucenate 80

Bicarbonate (eonverted to citrate)
Citrate 5

Citrie acid 47

Cyclohexylsulfamate 8§

This solution is comparable in effectiveness
to sodium chloride in prevention and treat-
ment of experimental burn shock in mice un-
der our conditions (Table VII: Cl 42% vs.
USG-20 39%, p = .7). If used in humans in
dosage of 15-18¢5 of body weight, the solu-
tion would supply approximately 1000 cal-
ories. The proportion of normal caloric re-
quirement supplied to mice was considered
negligible (2.5%). A solution containing a
larger proportion of chloride (Table VI)
might stand on better physiological grounds.

Conclusions. 1) Chloride appears to be the
most important anion in oral sedium solutions
used for prevention and treatment of experi-
mental burn shock in mice. 2) Citrate, ace-

$ All such preparations were prepared through the
courtesy of Mr. A, W. Taff, Emerson Drug Co,
§ Formulation USG-20, Emersen Drug Co.
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tate, bicarbonate, and lactate are far less ef-
fective than chloride, and may be toxic in
large doses. 3) There is no sanctity in the
customary 93:47 or higher meq ratio between
chloride and other ions in oral electrolyte so-
lutions used in these experiments. 4) Glu-
conate appears to serve as a partial substitute
for chloride, and it lends palatability: experi-
mental and clinical studies are indicated on
gluconate metabolism in man.

This article is not to be construed as reflecting the
position of the U. S. Army or any element thereof,
‘The author alone is ible for data d
and conclusions drawn.
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Reversa! of Respiratory Decline in Necrotic Liver Degeneration by
Intraportal Antioxidants.'! (24192)

WALTER MEeRTZ* AND KLAUS ScCHWARZ
(With technical assistance of Edward E. Roginski)
National Institute of Arthritis and Metabolic Diseases, N1.H., Bethesds, e

A specific metabolic lesion, respiratory de-
cline, has been demonstrated in liver slices
from rats maintained on a diet producing ne-
crotic liver degeneration(1,2). Normal-ap-
pearing slices of such livers are unable to
maintain respiration in the Warburg appara-
tus after initially normal O. consumption for
the first half hour. The defect is characteris-
tic for the latent period of the disease: it pre-
cedes the acute pathological lesion by several
weeks.  Respiratory decline is prevented by
feeding of thase factors which protect against

TThis manuscript was  originally submitied on
April 30, 1956,

* These studies were perfermed during tenure of
Rrewer's Yeast Council Rescarch Fellowship.

liver necrosis, i.c., cystine!, \it. E. and Fac-
tor 3. The lesion is reversed within minute
after injection of Vit. E into the portal vrin
(3)3, but not after that of Factor 3¢, IPre-

t Since submission of this paper it has been shoms
that Factor 3 is an organic selenium compum!
(Schwarz, K., Foltz, C. M., J. Am. Chem. Soc.. 175,
v79, 3292). The protective efiect of L-cystine »
caused by a trace contamination with Factor 3-active
selenium.

$ In vitro addition of a-tocopherol to desicint
livee slices, either as an emulsion or in water-sluble
forms, has no significant effect on metabolic keswn

4 Relation of Factor 3-active selenium compounl:
to respiratory decline will be the subject of a separate
report.
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Lack of Evxidenee for a Thrombolytic Fffeet
of Sodium Gluconate in Arferies

the Department of Hematology and Coagulation ( Prof. Dr. T. M. Fliedner) Cenler
of Internal Medicine, Unirversity of Ul (CGermany)

H. Rascur, V. Hismeyir and K. ScnNigr*

i+ has heen shown that intravasenlar clots in man and certain animals can be
vl by the proper activation of the fibrinolytic system, which is possible by use
~qeptokinase and urokinase. However, these substances are expensive to produce
i peenuse of their protein character, are associnted with oceasional side effects. o
- reasons attempts have been made by numerows investigators to produce such
~minogen activators without disadvantages. Among others, von Kaulla (1960) hax
ctigated a fnege number of synthetic compounds which, in vitro, convert plas-
comen to plasmin. Recently Ropper (1966) reported about thrombolysis due to
s duconate. Sinee we have developed i model to examine thrombaolytic activity
it arteries, it was of interest to compare this compound in our model with the
“ o of streptokinase. Although we coubd not tind evidenee for a fibrinolytic effect of
um ghiconate, it appears worthwhile to report onour findings.

Method )

» exporimonts were performed on s of a budyweight of 2 to 4 kg. The animals wero kept
¢ Nembutal (Pentoburbital-Na, Ahbot Co.) anmestesin, Both fomorsl arteries were cavelully
<ot itna length of 3 e Inone of the two fomoral arterios aclut was induced distally from the
tion of tho A. profunuda femoris in the followige way: 1 min after clamping off tho vessel with
inefonbueh clump”” s secotad elanp was applicd exactly 1em furthor helow, All the colluterals
*iwaren wero ligatod, Ten niin tnter 100w of thrombin dissolved in 0.1 ml physiological saline

= npeetel into the elamped oft segment with o stunl] gnge neodle. An sdditionat 10 min futor,

srosiol elamp was opened momentavity so that bloutl enterod the distally oceluded vessol and
vl with the thrombin solution. Clot-formation occurred within 20--30 min. The clamps were
sl just bofore starting the treatiment i order to have o e standord clot. Clot-fornmtion
ot than in the oceludod segment was never observed. A polyothylone eathetor wias introduced
the contentaternl fomoral artery divectod towird the iline artery. Through this cathotor blood
s wero withdrawn for Iaboratory determinntions. Angiographie studies wero performed

s atedly and sodium gluconate was infused with the aid of a pressuro pump.

Control of Thrombolysis
I pravioud oxperiments with streptokinase achministration, the gradunt disappenranco of tho
*has heeny alserved simply by watehing the color of the vessel. As thrombuolysta proceeded, tho
Senely dirk colorstion of the vessel hecame bright red. In ordoer to record the earliost moment
~canalization, control angogranms wero performed as sooteas oxtorior changoes indientod reopon-
<D the visssel, b enso o peesistanco of the blockago, the length of the clot was measured aftor
death of tho nnimal.

. Q . . . - .. .
1 Substantind prets af the prosent piper will bo userd Dy K. Sehniop as dissortation and sub-
" o the Dopasrinent of Medicine ab b Universily of Ulin,
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Laboratory Tneest fgutions
Fibrinolytic activity i the plasma and egclobalin fraction was determined on heated
nonheated tibrin pliates (Astrup and Miillortz, 1952 Lassen, 1952). Tnaddition, the follow ing |-
woere perfornmed: Thrombelustogrphy (Haetert, §048), determination of plasininogen (Dé Vi
§963), librinogen (Sehulz, 1955) and thrombin time (Nokat, 1953).

Results
1. In 5 animals a clot was induced by thrombin injection as previously deserib
Bight hours later. a saline infusion was started and continued over a period of 21 I.;'.
teeanalization of the occluded vessel was never observed in any of the caxes.
9 i 10 eats an initial dose of 750,000 u of streptokinase was administered 8 L.

after ot formation and the therapy carried on with 50,000 u/hr. The clots of .
LN
=

animals were dissolved and a complete recanalization was achicved within 24, 1.

(Figg. 1).

a b ¢
Fig. 1. n) Avteriogram of tho fomornl artery of acat 8 hars aftor elot formation. The sintor indicate
1) Arteriogranm 2 hrs after beginning of stroptokinase thorapy: ahnost 4

the proximul end of theclot. 1

completo rocanalization exeept for a fow stnadl parts of the clot ot the sito of the vessell wab !
¢) Artoriogram 21/, hirs after starting thrombolytie therapy ; completo reeannlization of 1he 1 '

moral artery. .
4

3. Six cats were treated with 600 mg/kg bodyweight of sodium gluconate sh
after clot formation. This dose was used on the basis of that recommended by Koppt
"Phe animals received this cubstance dissolved in 25 ml of physiological saline aver -
period of 30 min. None of the animals showed maeroscopically or micrascopicttt
any signs of lysis of the 8 Bies old elots within 24 hrs (1Pig.2). .
The laboratory investigations of the congulatory and tibrinolytic systems el !
indicate that plasmin was formed by administration of sodinm glueenate (Wig. 3).
The speeific tests which indieate proteolytic activity, such as, fibrin plate methed
cuglobulin lysix time and determination of plasminogen, also remained unaltered. !
addition we determined the concentration of fibrinogen aned the thrombin time wh!

were abso unehanged like thase of the control animalks. Blood samples were fale

immadiately after the infusion. 15 min, 30 min. 1 e and 3 hes later.
4. Four more animals, in which a clot had been induced in the deseribed mat
woere treated with 1200 myfky hodyweight. Kven by this twofold inere

't

ase of dosed

Np——

s A e

o S

Tt.

T

L



w~ determined on heated o,
1o amldition, the following e
a1 of phismineogen (De Veeel,,

on as previously deseribieg
awed over a pvriml of 24 -
vany of the eases,

e was administered 8 s
000 ufhe, The elots of oy
v achieved within 2V, hr.

[

wination. Tho pointor indientes
i stroptokinuso therapy : aliuet
at the sito of the vessell wall.
pleto recanalization of the te

of sodium gluconate 8hr

t recommended by Koppe?
physiological saline over 4
opically or I|Ii('|‘nsc'()|li"““."
thrinnlytic systems did !
wm gluconate (Fig.3).
whoas, fibwin plate methed
daor remained anattered. 18
ol the thrombiin time which
Blood samples were faken
as later,
din the deseribed manne?

] Afﬂhl inerease of dose ne

[P,

L.

o VT

o

e

Lak of Evidenco fora Thrombolytic Effect of Sodium Gluconato in Artorios 657

®

e of the femoral artery 10 min

ovelusion 1

b

1.0.2. a) Artoriogram of the femoral artery of a e

at before inducing the elot. b) Thrombotic oeclu-

y after infusion of sodium gluconate. ¢} Unaltered thrombatie
2 s after infusion of sodium gluconate.

o o

Fig, 3. Thrombelastograms of ono

weight sodium gluconnto; 2.

thembolysis was obxerved during

imvhanged,

In previous investigations we were
tal is comparable to that of man. The proe
b aetivated by streptokinase

mthe femoral artery are fyse

tration of thrombaolysis is dependent on the

sl Basehe, (966, 1967). The

ik i our animal experiments, while heparin ¢

B
of tho eats studied: 1. 15 min after infusion of 600 mgllq'; body-

Discussion

§ hr after infusion; 3. 3 hes after infusion.

a4 hes. The tibrinolytic system also remainexd

able to show that the fibrinolytic system of the
nzyme, plasminogen, of these animals ean
ax well as by urokinase. Kight hour old clots induced

| after administration of these substances, whereby, the

administeation of nicotinic

amount. of streptokinase used (Hiemeyer
acid did not canse thrombo-
aused lysis of avtificially induced clots

iy in exeeptional cises (Raxche and Hiemeyer, 1967). The animal model of the catb

Hers sufficient. possibilities to test the

L uiees to be examined,
Iy 1952, Kopper r(-pnrlwl

sestigations on heated aml no

heerved fibrinolytie activity in extracts from hman rec

fibrinolytic and thrombolytic cfiect of sub-

about the fibrinolvtic characteristies of a filtrate of
replococens aeendis” which he had obtained from agar plates containing s linm

s faeeadis : i e plates containing sodin
Awonate. This substanee exhibited, primarily. proteolytic charnetéristios, The plas-
mnogen aetivating elfeck, however, wis not very prominent as comparative in-
nheated fibrin plates have shown. The stane investigator
aleified plasma clots after
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addition of “streptococens facealis” and sodium gluconate (Kopper, 1964). In animg
experiments, Kopper (19G6) has tested the thrombolytie effeet of fibrin extracts Ay
sodinm gluconate on artificially induced elots in the jugular vein of cats and dogs

fartial thrombolysis was observed after administration of 600 mg of sodium gl
conate/ky bodyweight. Those parts of the clots which were in close eontact with 4,
endothelium of vessels exhibited an inereased tendency to lysis. Under treatment, p,
influence on the clotting and librinolytic system was observed,

Tillotson and Kopper (1966) reported about the suceessful treatment with soling,
gluconate of an aortic thrombosis in a horse. For diagnosis and indication of .
therapeutic effect, only elinical eriteria were used.

In further experiments, Kopper (1966) tried to clarify the thrombolytic effect o
sodinm gluconate. The intradermal injection of this compound mixed with filyi,
extract caused a pronounced erythema with beginning hemorvhage in rats. The intra.
dermal injection of sodium gluconate alone showed no effect, while the injection o
fibrin extract alone produced an edema followed by induration. By giving fibwi,
extract together with 50 mg epinephrine, the rats developed a hemorrhagic necrosi.
at the injection site. This specific reaction has, so far, only been reported witl
bacterial endotoxins. Fhe veported results might indicate that an eventual thrombe.
Iytic effeet of sodium gluconate rests on its stimulation of plasminogen activators i
the vessel wall at the site of the thrombus. Our experiments did not confirm a thromb.
Iytie effeet of sodium gluconate in avteries. After administration of 600 mg of this
substancef/kg hodyweight in 6 cats, there was no lysis within a 24 hes treatment period
of 8 hirs old clots artificially induced in the femoral artery. The same negative results
were obtained after a two-fold incrcase of dose in an additional 4 cats. The ex-
amination of the blood coagulation and fibrinolytic systems gave no indication of a
generalized plasminemia in the civeulating blood of the animals,

It must be pointed out that, in contrast to Kopper who did his experiments on
venous elots, we worked with clots artificially induced in arteries. From previous
reports it is well known that venous thrombi in man and animals show a tendencey to
spontancous lysis (Grossi, Cliffton and Cannamela, 1954; Kwaan, Lo and MceFadzean,
1957), while spontancous recanalization of thrombotie occluded arteries is seen only
in exceptional cases (Hiemeyer and Zeile, 1967). This fact was explained by the
reported high concentration of plasminogen activators in the endothelium of veins
as apposed to the low concentration in the adventitin of arteries (Astrup ot al., 1959:
Todd, 1964). Further investigations are needed to prove whether sodium gluconate,
in fact, induees liberation of these plasminogen activators from the wall of veins. It
can be stated, however, that the substance of question has no thrombolytic effeet on
arterial elots in cats as was definitely shown for streptokinase and urokinase.

Summary

After Kopper (1966) reported that sodium gluconate induces thrombolysis, w
tested the ellectof this substanee on 8 hes old elots which had heen artificially initiated
in the femoral artery of cats, These clots can he lysed completely as previous expen
ments with streptokinase and urokinase have shown, During o 24 hes continnon
administration of sodivm gluconate, in no animal a thrombolytic effeet was observed.
Kopper's positive resalts, which were obtained primarvily on venous elots, lead one te
believe that possibly sodium gluconate liberates plasminogen aetivators from (e
endothelium of veins, where these are in high concentrations compared to the intind
of arteries.
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;
: Résumé X
* .
it Aprix (ue Kopper (1966) ait indigue gue e glueonate de sodinm induit une throm-
UL L hvse nous avons testé Peflet de cette wubstance sur des eaillots dgés de Shrs, obtenus
Yoo o ocicllement dans Cartére femorale du chat. Cos caillots peuvent ctre complote-
'l <ot lyses par la streptokinase et Purokinase, ainst que ont démontré les expérienees
et ;‘h-l'it.'ul'(‘.\'. Ou n'a observé aucun cffet thrombolytique chez ancun animal au cours
{ ane infusion continue de gluconate pendant 24 hrs. Les résultats positils de Kopper
e . afenussar des eaillots veineux, font eroire gue le gloconate de sodium pour it libérer
e L~ activaleurs du plasminogéne & partir de Iendothélium veineux, ou leur concen-
o spation est beaucoup plus ¢leveée que dans la tunique interne des artéres.
- P
LELH
'"-" . o Zusammenfassung
o Natriumglukonat soll nach Kopper thrombolytisch wirksaum sein. Wir untersuchten
i o Wirkung dicser Substanz an 8 Stunden alten Standarvdgerinnseln, dic durch
Lo, ¢ Phrombininjektion in der A, femoralis der Ratze hergestellt worden waren. Diese
. avyinnsel konnen durch Streptokinase und Urokinase vollstindig aufgelost werden.
moo S rinmglukonat liel jedoch withrend einer 24stiindigen Diuerinfusion keine throm-
w1 taolytische oder fibrinolytische Wirkung erkennen. s wird die Moglichkeit diskutiert,
ie b die von Ropper vorwicgend an vendsen Thromben erhobenen Befunde auf ciner
: 18 rerstiirkten Freisetzung von Plasminogenaktivatoren aus dem Bndothel der Venen-
= 0 aand beruhen.
b
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S erimentyie ¥
The remote Binimum lethal dose by intravenous gpplication of some sodium salts

Compared toxicity of Some anions

By I, Simon

Having for many hears been convinced of the necessity to bring a definite

order into the broblem of the lethal doses,

8siderable number of such doses, 1 believe it will be usefyl to compile in

Table I those of & number &5 sodium salts,

-2

Table I

Salts Remote minimum Ip Toxicity taken as = 1
in g eq per kg that of Nacl

Sodium sulfate (4) 0.05650 1.13

Sodium chloride (5) 0.05000 1

Sodium pyruvate (6) 0.04300 0.86

Sedium bromide (l.c.5) 0,03900 ° 0.78

Sodium gluconate (4] 0,03500 0.70

Sodium nitrate (8) 0.03100 0.62

Sodium monophosphate (9) 0.,02800 0,56

Sodium acétate (10) 0.02600 0,52

Sodium iodate (1.c.5) 0.01400 0.28

Sodium (bi~)phosphate (11) 0,00900 0,18

Sm:lium‘ tartrate,neutral (1,c.10) 0.00750 0.15

Sodium sulfite (12) 0,00550 6.11

Sodi\.xm fluoride (l.e.,5) 0.,00250 0,05

Sodium persulfate (l.c.,5) 0,00150 0,03

Sodium nitrite (1.c.,8) 0.00050 . 0.01

It appears from this research that the -least toxic among the tested anjons
is the sulfurie anion, the most toxic the nitrous, which ig 100 times more
toxic than the chlorine anion,

T believe that these tests and other similar ones, which I shall collect
as soon as pbssible, can serve as a basis for an international unit of
comparison,

J—

(®ranslated by Carl Demrick Associates,lnc/m/t)

|-©



BB

ey Y . Aot dadbieath "

— 136 —

LA DOSE MINIMA LETALE LONTANA PER VIA ENDOVENOSA DI ALCUXI
SALI DI SODIO: TOSSICITA® COMPARATA DI ALCUNI ANIONL Di I. Swvox,

Con la dizione dose minima letale lontana per via endovenosa (che alui
chiama dose minima letale a distanza) intendo la dose pid piccola di un far-
maco che. introdotta nelle vene in concentrazione e con velocitd per s&¢ non
tossiche, uccide 1'animale dopo un certo tempo dalla fine dell’iniezione. Non
mi fermo qui a parlare della diversiti profonda che passa fra dose minima
letale immediata e dose minima letale lontana per via endovenosa, riman-
dando per questo ai lavori miei precedenti (1). Solo voglio ricordare qui che
io fui il primo a trovare ed a descrivere le curve di tossicitd immediata per
via- endovenosa (2), ritrovate poi e descritte molti anni dopo da autori stra-
nieri e giustamente rivendicate a me da Beccari (3).

“ Persuaso da molti anni della necessita di dare un assetto definitivo al
problema delle dosi letali, che sono negli autori quanto di pid personale e
di meno precise si- possa oggi immaginare (dato che non si & ancora stabilita
un'unith di misura internazionale) mentre costituiscono quasi sempre la base
delle nostre esperienze farmacologiche, tutte le volte che in Istituto mi si porse
il destro ho fatto determinare la dose minima letale lontana di svariatissimi
farmaci. A cosi fatte ricerche debbo la conoscenza di un numero notevole di
tali dosi. Mi pare utile riportare, raccogliendole insieme, nella tabella 1.
quelle di numerosi sali di sodio. Essendo sempre lo stesso il catione, il meao
lossico fra tutti, abbiamo cosi una scala di tossicity di molti anioni, perfetta-
mente attendibile, in quanto venne fatta con metodi univoci ed in condizioni
sperimentali perfettamente uguali.

TapeLta 1.
Sali Dusze minima letale lontana Tossicita posta == 1
- in g eq per kg quella del NaCl
Sodico rolfate 4 0,03630 1,13
. clorure (] 0,63000 1
" pirusato 16 0.04300 0.86
» bromure thoe. 31 |- 0.03900 0,78
» zluronatn (I} 0.03500 0,70
» nitrato {8 0.03100 0,62
» monofosfate Bl 0,02800 0,36
» aretato 110) 0.02600 0,52
* jnluro Loe. 0.91100 0.28
» (hir fofata (114 0.00900 0.18
«  tartrate-neatro (e, 10y 9.00750 0.15
. ~ollite )1 1.00359 0.1
. tlverure il oen 3 0,00250 0.05
- persolfato (] P 1) 0.00130) 0,03
» nitrite thoe. 81 0.60056 0,01

(1) Archivia di Sciense Riologiche, 1927, 12, $78: Archivio it. di Sc. Farmucol., 1933, 2, 425,

(2) Bollettine delle Scienze Mediche di Bologna, 1995, 8, (xer. 8), T4,

(33 Archives it, de Pharmac. et de Thérapie, 1938, 58, 437,
4 Da Val K. o Archivio it di Scienze Farmueol,, 1983, 2, 445,
oy Wasa-ini G - Thidem, 1933, 2, 125,

16) Gajuttn S, - ko corso i stumpu,
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4 3 . 3 . . . . . . .
.- Risulta da queste ricerche che il meno tossico fra gli anioni studiati &

I'anione solforico, il pid tossico il nitroso, che & 100 volte pit tossico del-
I'anione cloro.

‘ Credo che queste esperienze ed altre analoghe, che raccoglierd quanto
prima, possano servire come base ad un’unitd di confronto internazionale.

(7) Cajatte S. - (ldem).

(8) Beneder A, - Archivio it. di Scienze Farmacol., 1933. 2, +61.
(9) Osser S. . lbidem, 1932, 2, 478.

«10) Baratto M. - Ibidem, 1932, 2, 493,

(11} Gajutte S. . (In corso di stampal,

(12} Piva A. . Archivio it. di Scienze Farmac., 1933, 2, 433.

o+ mmm=—(Dall'Isiitity di Farmacqlogia della R:\Universits di Pisa).
Sezione 1\ Pisa - S;Suta del 23 gckuio. 939.XVIIL.

AN
“ANCORA DELL'AZIONE ANTIDOTICA DEL SOL}' RO DI MERCURIO CONTRO
L:AVVELENAMENTO MERCURIALE. Di L SimeS.
) \ A
_Nel 1937 comunicai aléqn: esperienze’ nelle quali dimostravo come som-
ministrando a conigli, per via gastrica, la-dose minima letale lontana di HgCl, ~
per tale via (cc 3 di soluzione N/10 del sale per kg) e dopo 10 minuti primi:/
sempre per os, la stessa dose di* Na.S (cc 3 di soluzione N/10 per kg) gh
animali si salvavano, mentre morivano se I'identico trattamento veniva pra-
ticato un'ora dopo. AN '
Continuando le ricerche ho fatto ‘delle esperienze assai dimostrative nelle
quali potei salvare degli animali cui avevo somministrato la dose per os, an-
ch'e .dopo un’ora. Riferisco’ una delle esperienze assai dimostrative mentre
mi nservo di riportare le altre nel lavoro in.extenso. /-
\

Coniglio di kg 1,100. /

_ZZ giugno 1938 Alle ore 10.45 gli so)ixpinistm/con sonda, per via
gastrica, cc 3,3 di‘soluzione N/10 di HgCl. diluiti ih cc 20 di H.O (g eq
0.0?03 per kg), dose sicuramente letale, secondo‘fisulta da esperienze mie
e di altr'i). Alle ore 11.45 gli introduco. con la ;Bﬁda. nello stomaco cc 6.6
di soluzione N/10 di Na,S e ripeto lo stesso tr':-.ttam‘e\nto alle 18.

2.2 e 24 giugno. L’animale mangia poqo/: nell'urina emessa in piccola
Ql!m.)mé élpresen!e un po’ d'albumina e qualche cilindro\granuloso. Gli som-
ministro nei due giorni, alle ore 9 e 18, regolarmente. pex via gastrica. ogni
volta cc 6.6 di soluzione N/10 di Na.S.

L.animal: si & rimesso perfettamente; 1'albumina si & Yidotta a traccie
al 5" giomo, ¢ poi scompare. Dopo un mese, il 23 luglio, sta\a benissimo e
pesava g 1380, LN

3
\

n—

. - : . . 5 .ty N >
/' Le esperienze continuano ed in essé_vado somministrando

( 1) Simon 1. . Questo Bollettino, 1935, 12, 661 \
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Stimulation of q\rulation Processes by Means of Copper Gluconate in Heifers
in Bstrus (Heat)

Candidate ln'Biologicll Sciences, L, N. Gorokhov

{Presented by Academician V. K. Milovanov)

UDK (Universal Decimal Classification) 636,082,35:6 36.22/281:546.56

A. L. Paducheva (1935) and somewhat later, Fivol'd (1936) have established
that following the intravenous administration of copper preparations to doe
rabbits in estrus, ovulation sets in. -

Harris (1941) brought about ovulation by means of the injection of a
copper salt into the third ventricle of the brain. K. vatanabe (1960) has
established that copper represents a stimulent of the sexual center of the
hypothalamus in so far as, in doe rabbits anesthetized with nemk;utal, copper
preparations do not bring about ovulation., At the same time, .the author test-
ed the action, on ovulation in doe rabbits, of acetate, sulfate, ethylenedi-
aminetetraacetate and“copper gluconate, and he discovered that the last-
mentioned preparation possesses the lowest toxcity and is the most effective.

V. K., Milovanov, A, P, Bereznev and L. N. Gorokhov (1965) established
the p;ssibiuty of making use of copper gluconate for regulating the ovula-
tion process in females, and that of spermatogenesis in male-sires. Upon
injecting the preparation in doe rabbits that had been artificially inseminat-
ed, and had not been mated (paired), there was obtained & normal litter, and
in rams and bulls, copper gluconate brought about an increase in the amount
and an improvement in the quality of the sperm. It was also made clear that
copper gluconate preparations, even in relatively large doses, are compara-
tively easily endured by animals in the case of internal injections. Thus,
upon adxhinisterinq copper gluconate to a doe rabbit, figuring on 34.2 milli-
grams to a kilogram of weéight, no toxic phenomena were established.

We posed the problem of clarifying the possibility of employing copper

Got’okl\ovl L.V 00Klﬂ4\1 ‘[643“1 wznol
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gloconate for activating the processes of disclosing follicles in the case ot
artificial insemination in the head of the uterus of big horned cattle, and
for enhancing their fertility.

Experiments were carried out on 208 heifers of coupling age (2 - 3 years
old), with pronounced symptoms of estrus and heat, The state of the folli-
cles in the ovaries was established according to Kedrov., There were distin-
guished 4 stages of fluctuation on the part of the follicles: 1) Solid (strong)
(+); 2) strongly fluctuating (++); 3) Well-fluctuating (+++); and 4) Deli-
cately fluctuating (+++++4).

Copper gluconate was prepared from a medicinal preparation of calcium
gluconate and chemically pure copper sulfate as a result of the reaction
of double decomposition of both preparations. In 1 milliliter of copper glu-
conate solution there was found 9.7 milligrams of copper.

Following a careful, rectal examination, and insemination of the animals,
into the jugular vein was injected a preparation of copper gluconate in vary- ,
ing doses: from 10 to 50 milliliters, that is, from 0.3 to 1.6 milligrams to
a kilogram of animal weight., After 12 - 95 hours, or after 18 and 48 days,
the heifers were salughtered, and a determination was made, in them, of the
number of ovulated follicles, and also, the number of zygotes, blastocysts
and embryos, and an investisation was made of the state of the sexual organs.
No toxic changes were disclosed.

A study was mide of the action of various doses of copper gluconate on
ovulation in cows (slaughter .after 24 - 96 hours). The state of the heifers,
following injections of the preparation, remained satisfactory.

As may be seen from the data in Table 1, a dose of 40 - 50 milliliters
of copper gluconate (1.3 - 1.6 milligrams to a kilogram of animal weight)

proved Lo be the most effective one, The differerce is statistically reliable.
Alkodemil Sel’'sKijozyaistuyaistrennylch b
NawK; 9, 1968 -
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Table 1
Action of Copper Gluconate on Ovulation
Dose of Amount of Copper Amount of Cows Difference
the Pre- to 1 kilogram of
paration atimal weight Altogether Including
(in milligrams) those with
ovulation
Amount %
10 - 30 m1 0.3 - 1.0 28 19 68 + 9 14 + 10
40 - 50 m1 13 -1.6 51 T a2 82 + 5
Without the 60 37 62 + 6 20 + 8
Preparation - -
(control)
Table 2

Action of 40 ~ 50 milliliters of Copper Gluconate on Ovulation in Connection

with the State of the Follicles (Disclosure 11 - 96 hours following
Investigation)

State of the Experiment Control
Follicles
Total Including Those with Total Including Those
Cows Ovulation Cows with Ovulation
Number % Number %
+ 20 14 70 + 10 15 7 33 + 12
++ 17 15 88 +¢8 15 7 47 + 13
+++ 17 16 34 +8 14 12 86 + 8,5
ot - - - 1 1 100
Total 54 45 83 + 5 15 25 55 + 7
. =

In order to establish after what minimal period o< “ime, following in-
jectiofl of the preparation, ovulation takes place, there were selected 7
heifers in estr:s with an approximat ely idect ical degres of follicle devale-
ment. Three of them were injected with an amo:nt of 50 millili1'er§ of the

. preparation, and four were left in the control (group). After 11 hours, the

-4

heifers wer slauchtered. In all three experimental heifers, in the ovnriél,
an ovulation process was noted, whereas in the control, no follicles were
disclosed,

The decision was made to clarify at which degree of follicle maturity
the action of copper gliconate is the most pronounced on the process of
ovulation (Table 2),

From Table 2 it may he seen that copper gluconate, in an optimum dose
of 40 - 50 milliliters, accelerates the process of follicle disclosure inde-
pendently of the dagree of their maturity at the moment of injecting the pre-
par'ation. The preparation is particularly effective during the first two
stages of follicle development
Table 3

Action of 40 - 50 milliliters of Copper Gluconate on the Pertility of the Eggs

Group Total Cows Eggs Lost, Eggs Washed out
Examined at the
Same Time Total Including:
Number % Zygetes Unfertilized Destroyed
Number % Number % Number %
Experiment 28 7 25 +8 21 11 83 + 3 14 +8 7 33
13
Control 15 2 13 + 9 13 10 77 * 3 20 * 11 4] 0
14
Total 43 9 34 21 6 7

A study was made of the action of copper gluconate, in doses of 15 and
40 - 50 millilirers, on the fertility of the animals. For this purpose, in
animals that had heen slaightered after different periods following insemina-
tion, from the cviducts were washed out egg cells, or else, from the uterus
were extracted hlestocysts or emhryos,

The experiment, carried o:l on 70 heifers, indicated that 15 milliliters
of copper gliconate did not indicate any positive effect on the fertiltty, 1In

*able 3 are sel forth data with respect to the action of 50 milliliters of
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copper gluconate on the fertility of the eggs.

The data in Table 3 attest to the fact that in a group of cows, which
had been subjected to an injection of copper gluconate, the number of ferti-
" 1ized eggs is considerably lower than in the control (53% as against 77%).

At the same time, it is not difficult to observe that a reduction in the
number of Zygotes, in the experiment, took place, for the main part, as a re-
sult of increasing the number of destroyed eggs (33% as against 0), and eggs
lost (25% as against 13).

It was assumed that a greater number.of destroye;l and lost eggs, in the
experimental group, is associated with the acceleration of ovulation under-
the influence of copper gluconate.

In order to clarify this problem, we made a study of the dependence of
the results of the fertility on the state of the follicles®at the moment of
insemination and injection of copper gluconate (Table 4),

As may be seen from the data in Table 4, in the experi..méntal group, the
fertility of the eggs grows regularly together with an increase in the degree
of maturity of the follicle from 0 - 37% to 89%. At the same time, there is
)%:versed 2 reduction in the number of destroyed (from 75 to 38%) and lost (from
33 to 18%) eggs. In the control gro:p of heifers, the fertility of the eggs
likewise grows noticeably ;- up to 86% in the third stage of development of
the follicle. However, in contrast with the experimental group, at this po.int
there ax:e ahsolutely no destroyed eqggs cells, and 25% of lost eggs are observed
only in the group of heifers with well-fluctuating follicles,

The fact that there is found a large number of destroyed egg cells in
snimals with solid follicles in the ovaries, and the absence of such egqg
cells in the control, vields a basis for the assumbtion that the injection of

copper gluconate leads to an acceleration in the process of ovulation even of

not entirely mature follicles, and to the emergence of immature eggs into the

—6-

oviducts where they are destroyed. Premature ovulation, evidently, likewise
brings about a considerable percent (33%) of egg losses in experimental
heifers, with the follicles in the first stage of maturity.

In this manner, the experiments have shown that a reduced fertility of
the eggs is observed only in tvhe case of strong (solid) and strongly fluctuate-
ing follicles. 1In cbws with well-fluctuating follicles, the fertility of the
eggs corresponded to the control and attained 89%. This makes it possible to
conclude that the application c;.\f copper gluconate, with the purpose of acceler-
ating ovulation, may yield an effect merely during the third stage of develop~
ment of the follicles, and it is practically 1neffe‘ctive in all other cases.
Table 4
Action of 40 - 50 milliliters of Copper Gluconate on the Pertility of EBggs in

Connection with the State of the Follicles in the Ovary of Cows (Disclosure

after 48 -~ 96 hours)

State of Experiment
Pollicles Total Eggs Eggs Washed Out
Cows Lost Total Including:
gygotes unfertilized destroyed
+ number 6 2 4 0 1 3
% 100 33 100 [} 25 75-25
++ number 11 3 8 3 2 3
% 100 27 100 37: 22 25 38+ 17
+++ number 11 2 9 8 - 1
% 100 18 100 89+ 11 [} 11 + 10
Control -
1 1 1 s} 1 ]
100 0 100 [} 100 0
5
100 - 5 4 1 [}
9 0 100 80+20 20420 ]
100 2 7 6 17 o
25 100 86+14 14+14 0
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Conclusions

1. Optimum doses of copper gluconate, equal to 40 - 50 milliliters,
using intravenous injections, accelerate the process of ovulation in heifers
of coupling (mating) age, in the state of estrus, in all stages of development
of follic;es in the overies.

2. In the presence, in the ovaries, of immature follicles, copper glu-
conate brings about a premature ovulation, and an emergence of incomplete
egg cells. This brings about a low fertility on the part of the eggs, whereas
against a backgroﬁnd of mature foliicles, the fertility of the eggs corresponds
to the control.
All-Union Scientific-Research Proceedings of the VASKhNIL (The V.I.
Institute of Animal Husbandry Lenin All-Union Academy of Agricultural

-

Sciences), No. 9, 1968.

(Translated by Carl Demrick Associates,Inc/LB/t)
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ecte o7 0,3 A0 1,6 mr Ha KMROTDAMM seca
wooTHOro. Hepes 12—96 uzc. wnw  ucpes
18 w 48 gneir Tcnox yBusanw, onpesenann
Yy MmX 4UnCnO OBYNMp P Y a
TaKme T80 3MrOT, T M O3Me

HHRCRUMM CONMM meaw 8 peInin
mozra. K. Bavanabe (1960) ycronosun, wto
MERS  WRARETCH  CTRMYNATOPOM nONGBOIO
HENTPE THNOTANAMYCA, NOCKORMMY ¥ anecre-~
anpuaannbi  HeDYTONOM KpOReHax Mfpena-
PaTM meau HC EbIILINOIOT OBYARUMA. Oawo-
speMeEnnO  BATOP  WEnbian ACRACIBME M2
OSYRNUMIO Y KPORLMKX ~ BuETaTa, cynegara,
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O3NMIRIET WAIMmEKmwER TOKCHUHOCLTSIO M #B=
naeven HauSonee IGHEATHEMRIM,

8. K. Phunovanos, A. 1. Bepeawes u
N. H. Fopoxos (1465) ycTadoannk KOIMON-
MOCT NPUMEKSHHA FAIONONATA MEZK AR pe-
Fyrague NPOUSICA OBYRAUMK Y Camok M
crepmatorere’a y C2MUOS-NPOHIBORUTANGN.
Mlpn  uwLCKUMM  LDENSPATA  MCKYCCTREHKD
OCCMENERtbIM KDONBLIXOM, HE CNAPCHRRM €
camuom, Ban nonysed HOPMINLHBIR APANADA,
a y 6upanos # €LKOE rAIONOHAT MEAM Rbi-
Rl n Y!BIIKUEH'(E HONUMECTSA M yhf‘lulcdue
KJAELTRE Cu.ACHM. BBINO TaRMe  REIFTMENO,
NTO RPCNEPaTH TAIOKCHETA MepW  Aawe B
OTHOCHTENBHD  BANSWKX  A033X  HKUBOIHGIG
CPABHMTENLMO NETxO NEPEHOCAT npw  BHYT-
pennux  wHbeKUMuE.  Tak, npM  @BCAEHHK
NpONBUKIL  FAIDKOMATE  MCAW W3  pacuers
34,2 mr KB KMNOTPAwM BECH HE 6sno ycra-
HOLNCHO TOKCHUETKNK ARACHNMA.

Mil NOCTAsSMNK 33/4NY SEIRCHHTR BCIMONK-
HOCTS NPHMCMEHUR FRIOKOHATE  MCAW AR
BRTHAK3ZAMK NPOURICOS ACKPLITHR POANKKY-
NGB Nph MIKYCCTBSHHOM OTEMCHEMMM MATOU-
HOTO ROFONOBLE KpynMOro porarero Cxota W

HUBKKA €70 ONNDA P ™.

Orneitat NPOSORIAM W3 208 Yenkax cnyuWo-
ro mo3pacta {Z—3 r) C SepIMUHHLIMK NP~
aHAKAmA OXOTal W reuxn. COCTosMne (annu-
KYNOB B RHHMiMJA YCTAHABAMZANW AO Keapo-
ay. Padnuuans 4 cranwis QRICKTyaunu qon-
LAY 1OBD 1) nnomwd  {+), 2) anoruo
PRIOKT grpyIOWKR (+-+) 3) xopowo dmox-
Tympyommit {(+4 ) » 4) newno GaORTYH-
pyownin (+ 4+ +).

TRIOKOHAT MCAn FOTOBWAK W) MCARLhH-
CADrO NPENEPATa TNIOKONETA KAfBLNA M XA-
MAUECKA UMCIOR C¢IHORMCHON mEAN nOCpeA-
CIu0Mm  pearLnn  OOMEMMOro  DRIALMAMAR
050nx npencparas, B 1 an pRTILOPa (D0
WATA Wefn CORCpwatary B0 ws wois.

MNotne TiUE 1606H010 PEATULLLLID HILRERY-
2OHUA W OCEMCHIKAA KIHBOTHLIX B ApEernii0
BEHY MHBELUNPOBARW  NPCAGRIT  TUIKRCHATD
meau 8 parumx gorax: o 10 Ao 50 mn, o
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D " HCC <
opranon. %t Brapy
meno ve Guino.

BaRO HIYNCHO AGHCTBHE PAIHMIX A0 FMMO-
KOHAT& MEAM HA OBYNAUWO Y kopos {ySok
uepea 2496 wac). Cocroanwe venox noche
WHLCKUWA NP a oc YA
sopurenvreim (Taba. 1).
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AcACTRHE CAOKOIATA MEIW NA ORYARUMI
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032 npenapa- t 33 x5
Ta g: e 7
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e El
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2% LR 4 &
10—30 ma 0.3—1,0]28}19]68x9 1410
40—~50 =A 1.3--4,0051{42 8235
Bud sipenapa- . R
Ta (KOWTPDIB) 6u |37 {v2x0] 208

Kox suaHD M3 Aduwwix TaGnuust 1, ao3a &
A0--50 mn FAOHONITE MCAM (1,3—1,6 mr He
KHAOrpaAMM  ERC3 MAIOTHOTO) OKBIANATE
waufionce IDPextnenoi. Pasuuua CTOTHCINS
YeCKH AOCTOBBPHA.

Ana Toro 4ToGut yCTeHoBHTE, WEPED ®AROM
MHNHAMONLKLIA CPOK NNCAS WHLEKURW  Npe-
napata NPOMCXOLMT ORYAALIR, Guino orabpa-
Ho 7 18N3K 8 OXOTE € NPhMEPHO OAHHAKOROH
CTENEHLKY PAIBHTHR QONauxyROe. Tpem WY
HX GO MHBCUWDOAAHO RO 50 smn nperapa-
Yo, @ ueTsPE OCTIRNCHBI & KOMIpOAC. Yepea
11 wac. tenku Guinu ybwie. Y acex vpex
OHLITHEIX TENOK i RAUHIKAY QTMEUCH npouece
OBynAUMK, TCTAG HAK P KUMIPCGAL HE Hutne
BCKPBITbIX HOANKKYNOE.

Brino POWEHO BRIACHMTL, DK KakoR cTEne-
Wi IPERGLTH DONANAKYAD HAMGOREE BLifpAN2-
HO AEACTEME FRIOKOMETA MEAN HA NQOUCLE
oaynsuwm {1260, 2).

Y49 tabriaust 2 8MAHD,  HTO  FRKIIOHAT
JACEM B OTITHMARLSOR ACSE 40--50 mn  yce
ROPHET NP e £ BUepeiteg onamiynai was
LANUCHMD O CIRAEHK SpPUnOCTM I B mou et
AHBCRLMM  IIpeN3Pata. CQcobrnno  apopatin:
BCH APCNADGT NPH NCPULIX ARy CTIRURK
Ppa3aKiMs (honnuky non,
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38 cver y
weix amy, {33% npom 0) u novrepaunux any
(25% nporus 13%).

Buno npeanonomeno, uto Gonswee uncno
PAPYWEHHLIX W NOTEPAHHBIX AHL B ONMTHOW
FPyNNEe CBA3IHO € YCKOPEHHEM  OBYNAUMH
NOA[ ARACTBNEM FAIOKONATE MOAM.

DN BmACHEHNA ITOrO BONPOCA MBI MIYNH-
nM 3BLUCMMOCTE PE3YNLTATOB ONAOAGTBOPAC-
MOCTH DT COCTORKWR (NONAMKYAOB B MOMEHT
oc W MHBLEKUKK T ara  Meam
(rabn. 4).

Kak smano u3 panneix tabnuusi 4, » onuir-
HOR rpynne CNACAOTEOPAEMOCTL AKL 3aKo-
HONMCPHO BO3PACTACT EMECTE € YBCAMYGHUCM

T crenenn 3Ipenoctu donnukyna < 0—37% po

89%. OanoapCeMenHo HaBAIOAAETCA  CHMKE~
uKe uucna paspyutennnix (c 75 po 38%) w
notepamusix {¢ 33 po 18%) awu. B kou-
TPONLHOR TPYynne TENOK ONAOAOIBOPAEMOCTH
AMIL TOXME 3AMETHO Bo3pacraer -—po 869
npu TPETLER CTBLMK PA3BHTHR  (PONNWKYNA.
Ho & otnwume or onuitnod rpynnu  3sece
co HO MaT p33py 1 siuekneTox,
a 25"/0 novepsHHbIX AL, HaBnlogaercs Yonsro
B rpynne TERoK ¢ XOPOWO (DRIOKTYKPYIOLYH-
MU PONAHKY NAMH,

@axT HaxomAGHHA BOnLwOro uucna pas-
PYIWOIHLIX ARUOKAETOK Yy MHBOTHLIX € NAOYT-
HLIMK (JORNUKYNAMYU B RMUHHKAX M OTCYTCTBUE
TOKMX RHUCKNETOK B KOHUTPONE QAT OCHO-
BAHUE fPCARCACIHWUTE, 41O MHLEXBMA FAIOKO-
HETA MEAH NMPHBG/IHT K YCKOPEHWIO NpoLecca

Beecorwanull  xayano-necAeAOBITEALCRIR uETHYY Y
XKHTOTHODOACYER

A. M. 3YGEHKO

Hamu npotepeH onuiv  expeutnanm
noprmux Gaparon cytpq)om.ucnoh MAC
CTHOR NOPOALI € UHFANCKIMH ALKAMY,
METOM  KECNEADBANMA  MHTEDHCY
kpacuan kposk. beino oroépnno
Ny AMANOIOS MO NuTL APOK %
WHFaRCKOW nopog ¢ ?
nomece# nepaoro K
Bee otolpannuie sanx
CTUTYUMIO,

Kpouse aAna ucgABhonannn Gpanu u3 spem-
HOM BEKE! Lecwnom, 4-taecuuHOm M

SN KNENKYIO KOH-

b-mecsysium ipacie. B xposu onpegenanm
ALGREK L ».cam.pmmmc remornobuia no
Cann, NECTL0  3pmpounton B8 1 mm?

xpos
B mecsuvom mospacte kpods srHatr  pea-
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OWYNAMH ASKE HE IPSALIX
HYNOS M BLIXOAY HEIDENaIX RMU B RHULEOAM,
ras owm papywaorcs. [penacspemennos
OBYNALUHEN, OUCEMAHO, BRIJBAH TAKKE InaNK-
Tenuuwid npouent (33%) norepu auu y onwir-
HBIX TENOK C DONANMKYAAMH B NBPBON CTaaMK
3penocT,

Takum o6pazom, oneitel nNoKazanw, wuyo
NOHHIKEHHAR ONNOAOTECPRGMOCTE AWK  Ha-
GM10A2CTCS TONLKO NPU NAOTHOM W NROTHO
PniokTynpyoluem Gonnukynax. Y kopos ¢
XOPOWO  (PAIOKTYHPYIOULKMK  DOIRKMKYNaMK
ONNOAOTSOPAEMOCTS  AHL  COOTBETCTBOBARA
xoHTpomo u' poctwrana 89%. dro gaer soa-
MONCHOCTH 3aKNIOUKTL, HTO NPHMEHEHHE TN~
HOHATA MCAM € LENLIO YCKOPEHHR OBYNALMM
MOMET AaTe IGPERYT nAMWe OPH  TPeTben
CTAAMM PA3BHTHA GONAHKYNOB M NPAKTHHECKK
GecnonesHo Bo Bcex Apyrux cayuasx,

BLIBOABI,

1. Oniwmansupie fio3w raokoHata Mmepwm,
pansnie 49—350 MN, NPH BHYTPHBEHHMY HHL-
SHUKAX  YCHOP OBYAAUMH Y Te-
nox cay4noro noapacra s coctoswun oxorM
npu BCOX CTAAMRX PasBuTHR IONNKKYNOS »
ANiinrax.

2, MpM HanMumn B AHUHHKAX  HEIPenwx
QonnxKynon  TAICKOHAT  MEAM  BLIILMaeY
pespcop ylo ooy H DAXOR we-

| TOM, 370 NpHBOAMT K
HM3KOW ONMOLOTECPACGMOCTH RUI, YOrpa wak
H3 (QoHe 3Ipenuix ¢o ynon o
PRCMOCTh Ny coonercrayer ucurpomo.

Boxaaau BACXHHI
X9, 1968 r.

¥ DONLKCKHUX,

YK 636.32/.33:611.018.5

" AWMMBIX NOPOAHOCTEN MO KONHNECTDY  IPMT-

pouuIos » 1 Mm? NpaKTMuCCKM  He  Mmena
_nuuun (rabn. 1). Caman 6onswan pasnu-
ITOMY  NOKA3ATEMO  COCTABAANA
B OMOKAY  APKAMK  {HTBHCKOR
CCAMK  ATOPOTO  NOKGMEHHS,
crarncrwecxn HeRo-
QI Ael 2M08 Hu3KOe CO-
ACPHAIHME  FeMOrIdEMHa 'OMRIN0CH y  #pOK
UHIaCKOR AOPOALY, Do
8OTQ NOXONEHHUR, y Cy?
ceH RIOPOro NOKORECHUA,
£OCTLBePHOK BLina po3nuua med
MCXOQULIX NOPOR, UKIaHCKUIMK 1 10
BTOPOrO ROKONECHKA.

B d-mecaunom boapacre HauBonsuice KD
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The Safety and Fate of Potassium Sodium Coppcr
Chlorophyllin and Other Copper Compounds’

JOS. W. E. HARRISSON, SIMON E. LEVIN, and BERNARD, TRABIN

e The growth rate, survival, blood and urine factors, and '!l)lllt)' to comelve, were
normal in albino rfats, who were fed up to three percent of potassium sodium copper,
chlorophyllin_in their diets over their life span. There was no other indi- .

. cation of toxicity. No gross or microscopic pachology could be, auributed to

this diet. No metal toxicity was evident and photosensitization dxd not occur.

WILLST:&TTER and Fisher, in 1915 and 1930,
when they published their climatic re-
searches on chlorophyll, stimulated the interest
of Emil Biirgi, a Swiss (1), who in 1916 advo-
cated the use of chlorophyll and its derivatives as
therapeutic agents. Biirgi's enthusiasm was
predicated upon the structural resemblance be-
tween erythrocyte hemin and the green pigment
from the cliloroplasts as disclosed by Willstitter
and Fisher, However, in this suggestion of
therapeutic value, Biirgi’s theught that chloro-
phyll might be a hemopoetic agent was not orig-
inal, for Verdeil (2) had suggested this use
almost a century before. Turthermore, even
before Willstdtier and Fisher, the relationship
between hemin and chlorophyll was suspected
by Hoppe-Seyler (3), who had separated a red
porphyrin from chlorophyll which was similar in
many respects to one obtainable from hemin.
Nevertheless, interest in chlorophyll or its deriva-
tives as therapeutic agents lagged uutil the en-
thusiasm of Biirgi launched numerous scientific
investigations which followed the marketing
by his associates of chlorophyll products:
both as chlorophyll itself, and as water-soluble
derivatives of chlorophyil.. The uselulness of
these was a controversial issue almost from the
start; careful investigators both supported and

tions in their studies, terming the products:
sodimm chlorophyllin, sodium and potassiuia
chlorophyllin, ‘“‘Nachlorophvllate,” pheophvtin
and chlorin. That none of these were likelv pure
products, can be conceded in view of the difticul-
ties presently encountered in preparing pure
materials of this nature. The nawes used by
Biirgi and others to describe the products ewn-
ploved were no doubt loosely applied.  Actually
little concern seems to have been given to then:
true identity, probably because it was inipractical
to prepare pure products, and even impractical
to ascertain the identity of the fractions in the
available marketed materials. This situation
continues today, for we find that the extensively
used metallo-complex known commercially us
potassium sodium copper chlérophyllin, is in re~
ality a mixture, and the term will be used with that
meaning in niind in this paper. Examination of a
typical production lot of this complex by Pickel,
Scanlan, and Heggie (6) 1s illustrative of the com-
plexity of the comnercially marketed product
(Table I). This is apparently typical of the ac-
ceptable and gencrally marketed, potassiun
sodium copper chlorophyllin.

TaBLE [.——ANALYsIS oF Lot 80

- Per cent

denied the suggested values. Lately chlorophyll, k :
, and especially the water-soluble derivatives of Ash 32.33
o P y i N v Nitrogen (Kjeldahl) 3.88
chlorophyll have become increasingly of interest, Sodium 0.16
especially to stimulate tissue healing (4), and Potassium 14.49
pd dy ° thouel th‘: .. 1" ) ted Copper-(totat) 4.10
as deodorants, though their original suggestec Copper (ionic at pEl 3) 0.24
use as hemopoetic agents no longer persist. Phytol . Noue
Biirgi, Gordonofl, Grigoriew, Patek (5), and }‘;’gl!ﬁ;‘(’)rﬁ:‘;"t‘o“ : 18-2
others, who were the initiators, employed “‘pure”’ ChlLorin P ¢ 36.
' chlorophyll, as well as various chlorophyll frac- Assay (N. N. R.) L 785
- pH 19 solution 9.7

s .
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* Received August 13, 1954 from LaWall and Harrisson
Research Laboratories, Phllddclphl’l, Pa.

Presented in part at ‘the Pharm acy Section, 120th Meeting
of the American Association for the Advancement of Science,
Poston, Mass., December 1053, and in part at the 125th
National Meeting of the Amcncau Chemical Sovicty, Kansag
City, Mo, March 1934,

Supported by a research grant of the American Chicle
Company.

Owing to the unusnal length of this article, p art of the enst
of publication was hurm by the author

§

¢ Now known to be a mixture of chlorin ¢s and rhodin ¢

Riirgi and others, as a rcsult of their investizu-
tions in regard to therapeutic usefuluess, put-
Jished a considerable amount of duta on varion
aspeets of chlorophyll and its degradation pred
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chlorophyll derivatives might result in photo-
sensitization by reason of circulating porphyrins
is also of interest. Chlorophyll itself, when
freshiy released, by direct contact with plants
upon areas of the skin not normally exposed to
light, is alleged to result in photosensitization.
Furthermore, photnscnsitization is known to fol-
Jow the administration of hemoglobin derivatives
(hematoporphyrin), and some dyes, which etlects
lave been emploved as therapeutic measures.
Thotosensitization is not uncommon, as contact
with parsnip, bergamot oil, or some fluorescent dyes
(lip stick) may also 1esult in contact photosensi-
tization. Furthermore, cud chewers (ruminants)
develop phylloerythrin, presumably from chloro-
phyll, in their digestive tract, a porphyrin known
to be photosensitizing. This is normally ex-
creted in the bile, but if excretion is prevented.
photosensitization miay follow. Indeed phyllo-
erythrin is found in human feces and an increase
in the amount present appears to follow an in-
crease of chlorophyll intake. TFurthermore,
chlorophyll urinary’ porphyrin appears to be iso-
meric with blood porphyrin. Rothemund in his
extensive review on chlorophyll outlines the pos-
sibilities of photosensitization (21).

Safety studies on potassium sodium copper
chilorophyllin, employing the long-term study

- techniques designed in the manner of present-day

practice, do not appear in the literature. The
lack of this information and the presently im-
portant aspect of water-soluble chlorophyll
products, resulted in the initiation of studies em-
ploying mice, rats, and guinea pigs as test ani-
mals. Because of the thought that the copper
content of “chlorophyllin”’ might ‘induce a toxic
response, studies were also initiated using copper

" sulfate and copper gluconate as the copper salts

for comparison of effects. The copper of these
copper salts is 100 per cent ionizable, whereas
the copper of potassium sodium copper chloro-
phyllin is about 5 per cent ionizable, fully 95 per
cent being bound in a chelate position.
- In designing the studies, consideration was
given to many viewpoints, i. e., will these modi-
fied chlorophylls, when consumed at high level,
influence growth, mating, or the normality of the
tissues; will this “‘chlorophyllin” induce a high
porphyrin content of the blood resulting in the
possibility of photosensitization; will the content
of 4 to 5 per cent of total copper in the ‘‘chloro-
phyllin” be toxic; will the copper interfere with
"the availability and use of vitamin C, which is
known to deteriorate rapidly in the presence of
copper.

The material commerdially available is termed
potassium sodium copper chlorophyllin, and it

will he referred to as such, thougly it s now ree,
nized that pure ehlorophyllins do not congrie
major part of the commercial product; and iy
brevity in some instances the termi “chini,
phyllin” in quotation marks will be emploves
In marketing it is also described as a “warer.
soluble chiorophyll” though there are imuny vy
soluble derivatives of chlorophyll, and the 1
tassium sodiwm copper chlorophyllin complex .
probably a colloid in polyelectrolyte dispersivy
29 »

ACUTE TOXICITY OF POTASSIUM SODIL A
COPPER CHLOROPHYLLIN |

In the acute toxicity tests Swiss mice, Taconi.
Farms! strain, and Spraguc-Dawley? ruts uwere
used. The mice weighed between 18 and 2t Gui,
the rats 180-240 Gm. To the mice the chlon.
phyllin was administered orally, in 15%7 aqtnus
solution by stomach tube and by intraperiton
route. The rats received a diet containing 14
of the “chlorophyllin.”

The LDso, oral, for male mice was found to te
7.0 Gm. per Kg.; the approximate 1Dy betnyg 51
Gm. per Kg. and the LDigg, 12 Gm. per kg O

servations were made over a period of seven duvy,

but no change in the survival rate oceurred aftor
seventy two hours. The LD, intraperitoneal, for
mice was 0.19 Gin. per Kg.; the approximate Lis
being 0.13 Cm. and the LD 0.32 Gm. Al soiy.
tions were adjusted to a pH of 7.6 before administer.
ing, by the addition of the hydrochloric acid.  When
water-soluble chlorophyll is administered by the
intraperitoncal or intravenous routes, its high
tinctorial power and colloidal nature resnits i ull
the tissues being tinted green and conecitration
the RES. This coloration is noticeable in the curs
- and eyes of albino animals. -

Five male and four female young adult rats weee
fed o dict comprising 15% potassiwn soditm coprr
chlorophyllin and 85% Rockland rat meal. it
amimals were maintained in individual cages for
period of ten days, during which no deaths cceurred.
The males ingested 10.2 Gm. of the “chilorophyilin,”
and the females who consumed more food, hodd un
intake of 13.4 Gm. Souie loss in weight ocenrred
both sexes, a greater loss among the males, due
refusal of the food mixture. The over-all intaae
during the ten days averaged above 50 G, Yehlors
phyllin’’ per Kg. of rat. During a teu-duy peried

thie LD for rats was therefore above 50 Got. per EN

LIFE CYCLE TOXICITY STUDY (CHRONIC
TOXICITY) ON RATS OF POTASSIU 50
DIUM COPPER CHLOROPHYLLH.

Weanling rats of the Sprague-Dawley strain Wt
housed individually to prevent coprophagy and v
manuer whereby an acctirate record of food =0
water intake of euch animal would be cessred
Two hundred animals were inclided in 1his st
forty in cachof the feeding levels, numcly 0.1
and 3¢5 of the “‘chlorophyilin’ in the diet and i

t Taconic Farms, tne. Gcrm:mmwﬁ. N. V.
t Spragne-Dawley Company, Madison, Wis
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. “chlorophyllin” (Fig. 1).
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* group upon the basic dict alone, which was Rockland
rat dict in meal form, an adequate diet for rats con-

sisting of required food elements.

In order to hold a reasonably cousistent ratio of
“‘chlorophyllin’ intake per gram of animal weight
over the wide life cycle weight range of the test
animals, a moving percentage in the diet was main-

-tuined. During the first fourteen days on test when

food intuke is highest per gram of animal weight,

25 of the stated concentrations were fed; during

the scecond fourteen days, 505, of the stated concen-
trations werce fed; thereafter for the bulance of the
study the 0.1, 1.0, and 3.09% coucentration in the
diets were maintained. .

The weight of euch animal was determined weekly
as well as the amount of food and water consumed.
Animals were individually inspected no less than
three times each wceek. Thus, there were four
groups of animals, each group comprised twenty
males aud twenty females, and in cach group a
littermate of the same sex.

Growth (Gain in Weight).—During the first
twenly months, the animals were on test, male
animals were recciving up to 3% of “‘chilorophyllin’
in the diet (roughly 3 Gn. “‘chlorophyllin’ per Kg.
of animal) and increased steadily and coustantly in
weight. An average gain in weight of 470 Gm.
occurred among the control animatls, and of 494 Gm.
among the animals on the diet containing 3%
Female animals likewise
gained in weight constantly. An average gain of
278 Gm. occurred among the control animals and
255 Gm. among those receiving 367 of the test ma-
terial in the diet (Fig. 2). After this period of

- twenty months, -terminal sacrifice, death duc to

age, and emaciation due to old age affected all

" groups so that the average total body weight and

gain in weight show greater fluctuations.

AVERAGE WEIGHT

Yo

”
AL ¢
CONTRALS

Lo

T ? ]
“ 0o T T 1 17171
e '.uf, . W 20 a2
* MONTHS
Fig. 1

Tte growth of animals on the other levels of in-
tike, ioel, 0195 and 1.0%5 was comparable. The
Sin weighit of the several groups during their
Cith periads s compared with control animals

ot signiftcintly  different. The inerease in

14, the standard error of the averape weights
sl the mmmher of auimals iu cach group ul specitied
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periods during the study show no siguificant dif-
ferences between the groups on the several levels of
“chlorophyllin and the control group, within the
sexes (Table II). As the study neared termination,
after the ninety-ninth week, the variations in weight
within groups was larger as evidenced by the greater
standard error (Table II), emaciation of old age,
especially among the males, resulted in greater
weight variations, and individual loss of weight.

Food Usage and Material Intake.—The net food
intake over a ninety-three week period averaged
within 39%; for all groups, an average net daily food
use of approximately 20 Gm. for males and 16 Gm.
for females. During this period the females on the
high (3%) intake of “chlorophyllin” consumed an
amount greater than their own body weight (Table
III). Male animals on the average consumed an
amount equal to about four fifths their body weight.

The efficiency of food use expressed as grams of
weight gain per gram of food consumed, was cal-
culated for the periods terminating at the eighth and
twelfth weeks. This usage did not differ ma-
terially between those animals on the coutrol diet
and those receiving ‘‘chlorophyllin’ in their dicts
(Table IV), .

Mating.—Five males and five femnales from each
of the feeding levels were mated. The respective
male of a specified level was mated with a female
of the same level, allowing a one week residence of
the male. Not all pairs conceived. The control
animals whelped an average of 7.2 pups; the test
groups 6.5-9 pups. From the control pups an
average of 5.2 were raised to muturity; from the test
groups, 4.5-6.2 pups.

Mortality.—The survival of animals was satisfac-
tory: 309, being lost from the control group, 2265
and 189, from the 3% and 0.19 dict groups, re-
speetively (Fig. 3), the majority of deaths oceurring
during the last few weceks,

Blood and Urine Examination.—Routine hema-
tologic and urilte examinations were made several
tines during the twenty months, as well as noRpro-
tein nitrogen determinations upon the blood. The
factors determined were within norzal lmits.
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TaBLE II.—AVERAGE Bopy WEIGHT OF RATS RECEIVING PoTAsSSIUM Sonium CorpER CHLOROPHYLLIN IN DIET

Controls
Potassium sodium cop-
per chlorophyllin
0.1% in diet
1.0% in diet

3.09% in diet

Comrols
Potassium sodium cop-
per chlorophyllin
0.1% in diet
1.0% in diet

3 0% in diet

N
N

N

N

N
N

0 week

52 & 3.0 Gm.
20

4 weeks © 8 weeks 12 wecksd 6 months 1 year
Females
168 3.5Gm. 212 3.6Gm. 235+ -3.5Cm, 261 %+ 4.2Cm. 28 £ 5.80Cm.
20 20 16 15 15
168 = 3.4 210 &= 9.3 237 £ 4.6 267 & 4.7 288 3= 4.8
20 20 15 15 15
167 = 3.8 229 £+ 5.1 227 4 3.7 258 &= 4.5 290 & 1.2
22 22 18 18 18
L1656 £ 3.3 202 & 3.6 220 £ 4.1 248 = 4.7 287 = 8.0
20 20 16 16 16
Males
223 £ 21.0 335+ 4.6 3R82 £ 27.2 422 + 241 500 £ 15.4
20 A 20 16 15 15
228 £ 21.1 320 £ 20.9 366 £+ 5.8 421 = 6.3 533 £ 10.0
20 20 16 16 16
227 % 5.5 204+ 7.3 360 = 5.6 403 £ 10.8 481 + 15.9
18 18 14 14 14
223 £ 7.4 311 &= 6.0 352+ 8.0 393 == 10.0 300 &£ 15.8
20 20 16 16 16

99 weeks”

359 4= 33.6 Gm,
11

328 = 13 4

308 &= 43.4

200 4 2% 9

440 & 92,1
"
519+ 60.6

8
4681 = 8.8
7
495 %= 15.5
i

* Standard Error = ‘\/“d’/V(V - 1).

h Depleted by autopsy at 10th week.
€ Depleted by avtopsy at 52nd week,

TasLe III.—AvVERAGE AMOUNT OF FoOD AND OF
“CHLOROPHYLLIN" IN GRAMS CONSUMED PER RAT
IN 93 WEEKS

Food “Chlorophyllin’”

~——Consumed— Consumed .

Chlorophyllin Fe- Fe- ”
in Diet males Males males - Males
Control 10,760 12,810 None None

Chlorophtin

0.19, 0,730 15,110 10.6 12.5
1.0% L 10,6800 13,050 00 1055 ].‘.’9,1
2 13,610 B2 40

0% 11,244
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i TasLu 1V.—Foop EFFICIENCY ARD GAIX 1¥ WEIGHT
s i‘ L . . Food Eftciency. Gm.
a e Gain in Weight, Gm.-— Gained per Gm. Food Consumed
g % 8 weeks 12 weeks 20 weeks 52 weeks? 8 weeks 12 weeks
4 i - Males
i+ {  Controls 238 285 326 404 0.23 0.17
£ ;  Potassium sodium copper
: Sl _chlorophylilin
£ 0.1% in diet . 224 27 325 437 0.23 V.18
4 i1 .1.0% in dict 202 268 310 388 0.21 0.17
: A 3.0% in diet 218 260 300 407 0.20 0.15
B ; " Controls 229 301 359 378 0.24 0.20
i Copper sulfate :
i 3 (530 p. p- M. Cu) 202 286 353 359 0.25 0.22
# B - (L600 p. p.om. Cu} 176 209 211 264 0.23 0.17
£ TeBCopper gluconate
L g (1,600 p. p. ut. Cu) 197 252 193 144 0.24 0.19
i ' Females
4 Controls 129 152 178 204 0.15 0.12
% Potassium sodium copper
i chiorophyllin
40 0.1% in diet 119 146 176 197 0.15 .12
§ 1.0% in diet 139 137 168 200 1.16 .11
| 3.0%, in diet 127 137 164 204 0.15 0.10
‘ Controls 131 153 188 192 0.15 0.12
Copper sulfate
4 (530 p- p. m. Cu) 140 165 204 194 0.19 0.14
-3 (1,600 p. p. m. Cu) 125 151 147 184 0.17 0.13
#=>(opper gluconate
] (1,600 p. p. m. Cu) 125 160 129 107. 0.16 0.13
1 4 Por copper sulfate and copper gluconate, 35 weeks.

0 1 1 1 L |

i e P

groups of animals. They comprised, in those

.
1 i
! BER CENT MORTALITY '; animals eacrificed at two years, ventricular edema;
k i 20+ T consolidated areas in the' lung; occasional liver
A } . L tumor.and occasmpal cystic areas; retention cysts
: 5 © M\ s rorasars : fmd minor congestion of t.he Kdneys; s.e\'e{al pitu-
i ¢ ol ® ,U}cmrmmwnm 0 itary wimors; hyperplasia of lymphoid ussue of
O i . B tlie small intestine; wnall reproductive organs; all
B 1 nd @ | COTER SATATE - of these being findings cousistent with the age and
. ©  coerrw GLocomare ‘ strain of animals.

%_ R T b Organ Weights.—At the time of sacrifice and
% ~ autopsy of animals at the fifty-second and onc

3

hundred and fourth weck, the weight of the prin-
cipal organs was determined. These weights were -
caleulated to the gram weight of the tissue per 100
Gm. weight of the test animal, and are reported
herewith (Table V). There were no significant
differences.
Plasma ‘‘Chlorophyllin®® and Copper.—When
potassium sodiutu copper chlorophyllin is fed to rats
at a sufficicnt coucentration in the diet, it is trans-

a3 S wee R

H Fig. 8 . mitted across the gastrointestinal membrane and
% ] . appears in the plasma. Under such conditions
' % {Ixygen  Carrying Capacity.— Hemoglobin  was  the Plusma is tinted and contains determinable

t1wa determined by the Van Slyke procedure:  OXy- amounts, when the dicts of the animals contait

. ecmating by gently rotating a thin layer of the blood  more than 0.1¢% of the schlorophyllin’’ for at least
v snple, followed by gasometric determination of the severatdays.  The umount of “chlorophvitin’ and of
wugen.  These results when compared with these  copper is variable and is governed by the coneentra-
4umed by the irem aund acid bematin methods, tion of the “ehlorophyllin’ in the food which 1s -

St sanples removed at the third, tith, and pwelfth gested (Table VI For the purpose of determina-
vk disclosed no effeer by the “ehlorophyllin™  tion, blood is collecied o heparin by caunuulation
0% the oxygen carrying crpacity ol the hemo-  of un external carotid artery, and then gt-vntl.\' centri-

4 bin, fuged. The centrifuged  plusma s separated,
Giross  Pathology.—Animals sacrificed at  the clarified by the addition of nine parts of ¢thyl alco-

A%, flty-second, and approsunately the hundred  bol which has been previousty adjusted to a pH of 8
’”3> fourth weol, exhibited the usual cxpectedt by the additian of sodinm hydroxide  The centri- |
ey oupen aatopsy. PThese  fundings  were fuged clear aleohol dilution of the plasima is thed read
ohgied mnong the coittrol as well as the test  at U myu, against a miluriy treated plasia from

ot o S AR -




TABLE V.—AVERAGE WEIGHT oF TIssuEs, GRAMS PER 100 Gum. or Booy Wrisny
T s o Approx.
{Seminal Ovaries Weeks an
N Heart Lungs Liver Spleen Kidneys Vesicles) (Testes) Stomach . Bruin Test
Females
Controls 6 0.384 0.554 3.902 0.203 0.816 0.256 0.0 0.u34 0,614 10t
Potassium sodium copper .
chlorophyllin .
0.19; in diet 10 0.367 0.553 3.559 0.240 0.799 0.283 0.078 0.613 0.616 104
1.0% in diet 9 0.371 0.5% 4.375 0.213 0.855 0.263 0.040 0.708 0.615H 104
3.0% in diet 7 0.389 0.670 3.632 0.232 0.953 0.346 0.012 0.758 0712 104
Maules
Controls 1 0.358 0.526 3. 5064 0.208 0.857 0.227 0.737 0.66) 0,188 10
Potassium sodium copper
chlorophyllin . ‘
0.1% in dict 6 0.415 0.532 3.946 0.179 0.872 0.189 (). 688 0. 686 0,584 101
1.09 in diet 5 0.366 0.704 4.419 0.177 1.190 0.193 0.537 0.725 0. 506 101
3.09%, in diet 4 0.347 0.404 4.015 0.176 0.921 0.225 0.0699 0.770 0.506 104
. Females -
Controls 9 0.317 0.500 3.214 0.203 0.717 0.274 0.03% 0.6153 0,656 12
Copper sulfate
(530 p. p. m. Cu) 15 0.295 0.553 3.250 0.182 0.71% 0.212 0.037 0,628 0.630 42
(1,600 p. p. m. Cu) 10 0.30% 0,564 3.778 0.209 0.799 0.179 0.040 0.821 0.684 42
Copper gluconate X
(1,600 p. p. m. Cu) 4 0.329 0.554 4.825 0.255 0.894 0.078 0.024 1.127 0.821 42
' Males :
Controls 8 0.268 0.495 3.586 0.169 0.798 0.827 0.350 0.518 0 121 42
Copper suliate
(530 p. p. m. Cu) 12 0.282 0.487 3.674 0.189 0.792 0.6H66 0.357 0585 0 423 42
(1,600 p. p. m. Cu) 6 0.301 0.488 4.072 0.198 0.889 0.839 0.405 ). 680 0.505 42
.._} Copper gluconate :
(1,600 p. p. m. Cu) 2 0.419 0.967" 3.940 0.193 1.052 0.760 0.157 1,227 1.1:36 42
‘ Females
Controls i 4 0.336 0.770 3.524 0.188 .753 0.230 0.039 0.6143 0,668 3
Copper sulfate
(1,600 p. p. m. Cu) 4 0.333 0.569 3.767 0.185 0.670 0.135* 0.024% 0.795 0,669 33
Copper gluconate
(1,600 p. p. m. Cu) 4 0.378 0.676 4.465 0.215 0.782 ().081 0.022 1.029 0.618 33
Males
Controls 4 0.301 0.713 3.536 0.173 0.777 0.923 0.359 0,531 0.479 33
Copper sulfate .
{1,600 p. p. m. Cu) 4 0.297 0.318 3.492 0.176 0.720 0.700 0.253 1.061 0.572 33
Capper gluconate : . ) .
(1,00 p.p. m. Cu) 0.328 0.553 3.063 0.2035 0.801 1 OO‘& 0.286 1.013 0.66¢ - . 33 -
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control animals, in a Beckiman model DU Spectro-
photometer, using a slit width of 0.08 mm.

By trial it was found possible to recover 604, of
“‘chlorophyllin’™ added to plasma obtained from
control rats after this plasma with the added “chloro-
phyltlin'' was clarified in the manner described. A
concentration of 25 ug./ml. was detectable and the
recovery uniform over a range of 30 ug. to 150 ug./
ml. (corrected). The separated precipitated plasma
fractions are of a greenish hue, and the chlorophyllin
is firmly bound therein. An assumption of course,
cuters into the conclusion, namely, that the chloro-
phytlin read in the plasma fraction has the same
spectral characteristics as that added to plasma ob-
tained from control animals.

Other methods of clarifying the plasma to make
the readings possible were not as successful, inas-
nich as the “chlorophyllin’ in the plasina is readily
mecipitated at lower pl values.

The copper content of the plasma is not in agree-
ment with that which should be present by reason of
the “‘chiorophyllin" content. A copper content of
615 pg./100 ml. over and above that present nor-
mirlly in the plasma should be found when *‘chloro-
phyllin” is present to the extent of 116 ug./inl.  The
excess copper found was approximately 100 ug./
100 ml. Upon the lower diet intake of ‘‘chloro-
phyllin'’ excess copper was not observed. Copper
was determined by the method.of Gubler ef al.., (23).

Fecal **Chlorophyllin.””—Though *‘chlorophyllin”’
as ingested is soluble in water, a 1%, solution having
a plI of 9.7, is precipitated upon the addition of

acid, and redissolved in the presence of alkali.

KNaCu"“Chioroohylim™

SciENTIFIC EpITION 720

However, “‘chlorophyilin’ excreted in the feces is no
longer soluble cither in water or in mild alkali. In
fact the feces, though vividly green, are not com-
pletely extractable by organic solvents and it is only
upon treatment with glacial acetic acid and repeated
extraction with ether that an appreciable quantity
of the “chlorophyllin” is removed in the separated
ether fractions. The remaining feces are still dis-
tinctly green in color. These ether extractions were
subsequently partitioned between 5, 10, 25, and
37% HCI according to the usual methods (24).
The acid extractions are subsequently necutralized
with sodium hydroxide-sodiumn acetate, re-extracted
with ethyl ether, and the ether solution of the acid
fractions then read spectrophotometrically in the
ultraviolet and visible range on a Beckman model
DU. A sample of 100 mg. of dried feces was ex-
tracted in this manner. A quantity of ‘‘chloro-
phyllin” was subjected to the same procedure and
read in the same manner for comparison. The
curves of transmittance in the ultraviolet range of
the several ‘‘chlorophyllin® acid fractions obtained
from feces did not differ materially from the curves
resulting when “‘chlorophyllin’ itself is treated in the
same way (Fig. 4). The curves obtained in the
visible range for the fecal '‘chlorophyllin’’ acid frac-
tions as regards that portion of the “‘chlorophyHlin'
which is not extractable by acid show a shift in the
maximumn peaks of absorption from 520-540 my and
620-660 mu (Fig. 5). The rest of the fecal acid frac-
tions are comparable in the visible range with the
direct *‘chlorophyllin’’ fractions.

The 59 acid fractious which would include both
porphyrins and phylloerythrin, are fluorescent; the
10%% acid fractions which might include phylloeryth-
rin are nonfluorescent. HoweVer, there is no phyl-
locrythrin absorption peak at 520 mug, in either the
5% or 10, HCI fractions both of which extract
phylloerythrin.

Ingested ‘‘chlorophyliin’ is ex-
creted in the feces essentially in an
insoluble form, probably occurring
as a calcium complex which is dif-
ficult to cleave. Copper is present,
apparently tightly bound to the
chlorophyll moiety.

Tissue-Stored Copper and Iron,—
An examination wus made of the

A 3% liver, kidneys, and spleen of ani-
e ::::: mals sacrificed at the tenth, fifty-
) @ o second, and one hundred aud fourth

G dTENT

A T T T T
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Fig. 4
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week, for the copper and iron con-
. tent, of the tissues. These findings
will be discussed in the sectian 7%s-
sue-Stored Copper and [ron under
that part referring to the adminis-

Laces Koy "Chr * (M) tration of other copper compounds.
Xt Histopathology. — The kidneys,

liver, stomach, small intesthie, and
spleen of animals sacrificed after
they had been in the study for a period of fifty-
two weeks were cxamined. The livers of those
animals on the high level (377) intake showed no
more than tinctorinl changes without indication of
cell injury.  All other tissues disclosed only minor
changes distributed among the several groups
including the controls.
The tissues of those animals in the control group
and the high level (36(0), which were sacrificed at the

R D

o e, A

S S B T TP T e W v e e, ,«*g_

A



g

s ren

e o b bl A +Y BT

730

JURT S - s,

eI

3 -
20- -
10- o
]
T T T T T T T T T T T
480 300 5320 9540 560 580 §00 620 640 660 680 T00 T20
A e my
Fig. 5

TasLe VI.—“CHLoroPHYLLIN AxD CorpErR CoN-
TENT OF PLasMa FroM ADULT MALE RATS AFTER

62 DAYS ON THE SPECIFIED DIET

Data from Pooled Samples of Plasma from 3 Rats

on Each Level

~animals.

“Chlorophyllin," Copper,
Diet pug./ml. ug. /100 mi.
Control diet None 189
“Chlorophyllin’
0.1% None 174
1.0% 58 196
3.0% . 116 303

termination of the study (one hundred and four
weeks) were examined with findings as follows:
Kidneys.—All sections of the control and test
animals showed interstitial scarring, tubular atrophy,
dilated tubules filled with hyaline material and ininor
influnmatory changes. It appears that the changes
are related to the age'of the animals rather than to
the product. Livers.—All livers were well within
the norinal limits, Splecn.—All  spleens  were
within normal limits. Adrenals—Changes of a
cystic and old hemorrhagic nature in the cortex of
two high level (3%7) animals and a small adenoma in
an animal of the same level were observed.  Testicles
and Seminal Vesicles.—These were normal in all
Ovaries and Ulerus.—These showed a
normal histology when compured with their coutrols.
Gastrointestinal Tract.—Those sections tuken from
the upper stomach, including a portion of the
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esophagus, front the duodetinm wigh
a fragment of panecreas attached:
and from the large intestines showedd
in both the control and test aniygls
a normal histopathology espeeinlly
with respect to the mwucosy amg
stibuureosa where pathology if pre..
ent would show itself most prom.
ineatly.  Neree Tissue (Scivtid) .~
There is no cvidence that the
miaterial given, either changes the
nerve sheath histologically or gives
rise to fibrotic or a clirouic inthim.
matory  state.  Heart—"The (e
animals compared with the coatrols

A Y% KO A
® 0% showed no particular change.

@ 2% na

L il SUMMARY

w . .

Einer Se'n Aside from minor adrenal cortical
changes there was no cvidence of
adverse effects of the udministered

Fecos: suh;‘.tﬂnue upon t_hc organ: ey-
HARCy " Chiprg (M) amined. . The cortical chances i
e fan themselves could well be assciated

with old nge.

LIFE CYCLE TOXICITY STUDY
(CHRONIC STUDY) ON RATS
OF OTHER COPPLR

COMPOUNDS

Though potassium sodiun copper
“chlorophyllin’ as marketed con-
tains between 4 and 3¢, of capper,
this copper appears to be rather
firmly bound. About 0.25¢] of

copper can be recovered as soluble |

copper when *‘chlorophyltin’ is dissolved in water
and the sotution adjusted to a pH of 3, by the slow
addition of hydrochloric acid, then Altered. Thus
better than 90, of the copper appears to be tirndy
bound in the molecule from which it is not rcleased
by hydrochloric acid at a pH of 3. Under the same
experimental conditions, both copper sulfate amd
copper gluconate yicld all of their copper.

When 3¢ of the “‘chlorophyllin'’ is incorporated in
the diet, correcting by the presently conventiondd
used assay procedure for “chlorophyHin,” this diet
contains 1,600 p. p. m. of copper, a concentration of
copper which, if administered as copper sullate, is
known to retard growth of the rat and ivsult v
metal toxicity. However, growth retardaton wa
not observed among animals which received *'chlore-
phyllin’ in a preliminary study; this, together witk
the evidence that copper is not at Jeast released
appreciably in vitre, supported an as<tmptict
that the majority of the copper in potassium sodiw
copper chlorophyllin might not be available to the
animal. Howevdr, to confirm this, a sccondn
study was initinted wherein weanling  Spraguc
Dawley rats were placed upon dicts containitd
copper sulfate equivalent in copper content lO.“*
copper content of the 3%, and 195, potassium sodiv”
copper chlorophyllin  diets. These levels com
sponded to 1,600 p. p.m. and 330 p.p.m. rcspccti%'.tﬂ
of copper as copper sulfute in the dicts. A si:'.h_i I
group of animals was placed upon a dict containiy
copper -in the form of gluconate equivalent W
1,600 p.pan. copper in the diet. These e
centrations were moving concentrations, 1.
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z ! 257, 50%; and then 1007 of the
3 g stated amount after twenty-eight
% & days, as described under the *chioro-

r = - ® ~ ™ ~ 0 = phyllin'" study. T.h?' several levels
§ ' F ooz dEas 5 -t g8 "Hef o—a of the *‘chlorophyllin” and the other
P z ) ) ) - : ) H copper salts are ke_vc;d in the figures
1 3 # 44 A oA d A as: high (H) 1,600 ppm. Cu,

2 g 3 2 g = -L'; E; middle (AM)—3530 p.p.m. Cu, and

= o a - T - low (L)—33 p. p. m. Cu. A con-

trol group was ma.intained_ concur-

' rently on the basic diet which, as in

) 5 S the previous study, was Rock{and

7 z 5 2 ~ = = rat meal. Each group _contained
¥ al 2 W 7-‘.~_ e e .v'f:: i fifty animals, equally divided be-

8 20 TR OTRTS OF =5 =2R=m %3 tween the sexes.

} ; ; + 4 # 4 # HoHA H Growth and other data accumu-
A = 5 =z Z g x lated from this study may be cam-
P2 §F ¥ ® = F 4 pared with similar data gathered in
R the life cvcle study on Ppotassium

) 3 sodium copper chlorophyilin. )

: % 3 £ Growth (Weight Gain .—Animals

3 . :: ) on the high level of copper sulfute

g = Ry R S ToTa S ] and those upon copper gluconate
£ #H SRS w8 5§ I B ; were adversely afected in growth
3 S e S A S (Table VID. “This revardation be-
M 5 2 3 2 ¥ & F g came readily dxseer‘mble at_the
= 8 8= o = = I twenty-sixth week, when the ‘male
‘ g control amimals and the animals
; 2 ) -receiving 530 p. p. m. of copper s
B = copper su'fate weighed at feast :»O,’J<
"\ 2 { < ’ - - - more than thosc' a:).}rr_xa.lf Epo:ﬁ; u;
i i i E‘ T BLaNe T e Cam e N 1,600 p. p. m. copper inta €, e
j 50 =& =558 =& <8 -~ = - as sulfate or ac gluconate (Fig. 6.
'3 [ F oz H H oA H v + H + Animals upon 1,600 p. p. m. copper
gt Iz s Z s == oo R as potassinm sodium copper chloro: .
3 é PES S R =" ao= f\l phyllin were not aflected in regurd
A gLo= - to weight gain. The adverse efiect
- 2 : of copper as gluconate upon growth
o g was the most marked. ) However,
2 S - " the lower grovnh. rate is not du.t
"5‘ ‘ o = = aa = 1 ® Lf e : ey : o | entirely to a toxic elffect, at V]east
3 SN NH2R NG { AR o during the first twelve weeks. ax
: 4 #oH + b i f the total Aimuk‘e of 1ood was less uug
= & I B = £ T & Z ) the gain in weight per gram of foo, i
£ = = = - o - - - consumed was similar for all groups
. 3 | ‘ (Table I\Y.  The accen_tuated toxic
| z : ' effect of copper in this form was
}' 2 " % also discernible in the deuth rate of
3 =3 % this group between the fourth and
P g ( ¥ e metis s M wn e oy eighth month, during “-hCh, time
I ST I S IR HEN SN pag et nearly 907 of the apimals dlt‘d'
; g i s 3 2 l{ -11 H H H H (Fig. 3i.  Breause it was fcar::_d ’:z]h “
oy - . i = [N~ z of the copper gluconate animals !
: % i ERRE ~ % o= = ’ would be lost, four auimals of the
Y - ‘ control group, the high level copper .
-y, 5 A e Pl AN 4 Z sulfate, and 1he‘ (‘01"?;']7’ 'glyml(;] ' {
i -~ : 2z groups were s:ncnﬁctdrs -‘nt.‘_\ beze
i = after.  The bulance of the ammais
S 3 were continued in the srody and o)
L : £ surviving animals of 1{11 TOUPs wert
i ':": i 2 wacrificed at the fortieth to foriv-
i Ey = {fourth weclk )
; B . 3 g% Blood and Urine I.ixmninnt:o'n.s.i
P 272 L2 Routine hematologic and urine ex
' ;‘? z §-5 ‘::‘: aminations were performed at in-
: ’: :::: e :1\.0 55_5_: tervals. Al factors wery mL‘(l\n'rz
: i 400w sl i EX nornial - expected ruu:h fi‘\tt i
; Toxn o= ‘:_:': o hiood nm-.'m'm-.m :ut.x:og-;!. L‘L~
| g I < j §5° High NPN wis noted in the misdes,
. S ‘ T
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Fig. 6

being 83 mg. % for the animals receiving copper
sulfate (1,600 p. p. m. Cu), and 109 mg. % for the
copper gluconate (1,600 p. p. m. Cu) animals.
The lower level copper sulfate male animals, and the
female animals on all levels of copper were just
above the expected range of 50-70 mg. ¢, of non-
protein nitrogen.

Oxygen Carrying Cupacity—Gasometric deter-
minations of the oxygen carrying capacity of the
blood compared satisfactorily with the hemoglobin
value determined by the iron and acid hematin

-methods.

PHARMACEUTICAL ASSOCIATION
Organ Weights.—The average weight of the vy,
ous organs per MO Gui weight of animal,
within the expected ranges as compared to the o

trols of the same age, except certain tissues.  Ap..

mhals receiving copper gluconate had hypertrophing
uteri, ovaries, or seminal vesicles.  The stotmach.
female animals on the high level of copper sulfy,
and those of the females and males receiving 11,
diet ‘contuining copper gluconate were enlarg
(Table V).

Gross Pathology.—A number of animals wy
sacrificed between the thirtieth and thirtv-Gftlos o
to avoid the possible toss of all animals recen; .
copper gluconate.  All surviving  animals o,
sacrificed during the forticth to forty-fourth ey
Aside from findings that were distributed throv s
out all the groups and expected in the aniwals of Ry
indicated age, the following were common to
test groups upon the higher intake of copper
Bronzed kidneys exhibiting sharp demurcas:.
between the cortex and the medulla; branzed o
yellowish livers; hypertrophied ridges between 1
cardiac and peptic portions of the stomach, o
casional ulcer, some blood; bloody wucous in (i
intestinal tract. The stomachs of some of thaw
animals receiving copper gluconate were often flahdy
and distended. These observations were noted <.
pecially among the animals upon the hight intuke
copper suifate and copper gluconate, which i s

TaBLE VII .—CoppER CONTENT OF TI1SSUES OF RATS RECEIVING PorassiuM Soprum CoppEr Crrororuyt.
LIN IN DiET, Mg. Cu/100 Gm. Tissve (WeT Basis)

Potassium Sodinm lC(«);p’pcr Chlorophyllin-———-
S

Control Diet —0.1% ——— o P LT AR
Y ¥ M F M F M
Liver
10 weeks
Av. 0.41 0.48 0.47 0.57 0.58% 0.74 0.56 0 56
S.E. 0.04 0.08 0.026 0.09 0.035 0.065 0.06 (s
N. 4 4 4 4 4 4 4 4
- 52 weeks ’
Av. 0.78 1.09 1.46 1.14 0.81 2.43 1.06 2.4
S.E. 0.020 0.052 0.64 0.29 0.064 1.12 0.42 0.71
N. 3 3 3 3 3 3 3 3
104 weeks
Av. 1.82 1.10 1.47 - 1.85 1.85 2.02 2.18 3.71
S.E. 0.58 0.152 0.304 0.251 0.504 0.51 0.61 1.28
N. 4 6 6 10 5 9 4 7
Kidney
10 weeks
Av. 1.07 1.72 1.47 1.52 1.58 1.57 1.48 1.65
S.E. 0.15 0.57 0.27 0.11 0.51 0.16 0.32 0.2¢
© N. 4 4 4 4 4 4 4 4
52 weeks )
Av. 2.08 4.46 1.52 2.44 1.83 3.79 2.11 2.07
S.E. 0.17 2.20 0.27 0.55 0.364 0.847 0.015 0.1
N. . 3 2 3 3 3 3 3 3
104 weeks :
Av, 3.45 2.25 2.03 2.55 2.35 3.19 -~ 2.48 3.92
S.E. 0.91 0.23 0.709 0.19 0.727 0.393 0.63 0.4
. N. 4 6 5 10 5 9 4 6
Spleen
10 weeks
Av. 0.96 1.59 0.52 0.46 0.40 0.72 0.68 0,52
S.E. 0.42 (.05 0.30 1.03 0.48 0.38 0.t 0.1
N. 2 2 2 2 2 2 2 2
52 weeks )
Av. 1.83 4.00 2.92 3.20 3.05 3.46 2.36 3.6l
S.E. 0.58 1.02 1.45 1.02 +1.36 0.817 1.03 1.
“N. 2 3 3 3 3 3 2 3
104 weeks
Av. 3.38 6.96 3.34 1.92 2.75 2.34 3.01 2.
S.E. 1.44 2.22 0.408 0.396 0.513 0.386 0.775 .
N. 4 6 6 . 10 b 9 4 ‘
. S
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*ieteric pigmentation was increased
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TABLE IX.—Iroy CoNTENT OF T1iSSUES oF Rars REecEIVING Porassrum Sovrum Copprr CHLOROPHYLLIN
’ IN Dist, Mg, Fe/100 Gm. Tissug (WET Basis)
i Potassium Sodium Copper Chlorophyﬂinh——ﬂ
et Lo —1.09, 09—
‘ ﬁomml D eF TO 1% 0 /‘,*—F-s Ts % 7
Liver
10 weeks
Av. 2.36 2.50 2.25 3.56 1.57 2.26 3.22 2,09
S.E. 0.83 0.27 0.12 0.43 "0.53 0.37 0.59 0.82
N. 2 2 2 2 2 2 2 2
52 weeks
v. 2.64 7.79 2.14 11.20 5.15 7.83 3.17 8.76
S.E. 0.458 0.341 0.258 92 2.50 2.35 0.441 0.452
N. 3 3 3 3 3 3 3 3
104 weeks
Av. 17.7 24,7 16.6 27.0 15.7 249 18.0 .31.8
S.E. 1.9 8.44 2.32 3.67 2.94 3.90 2.85 6.45
N. 4 6 6 10 5 9 4 7
Kidney .
52 weeks '
v, 7.45 11.22 10.82 16.76 13.86 19.89 10.73 16.21
S.E. 1.32 1.95 2.40 3.59 2.40 1.01 2.41 2.67
N. 3 2 3 3 3 3 3 3
104 weeks
Av. 19.9 32.4 24.7 25.6 17.4 31.1 23.5 28.3
S.E. 1.4 7.7 + 1.88 2.12 4.0 2.83 2.61 4.88
N. 4 6 6 10 5 9 4 6
Spleen
104 weeks
Av, 219.0 229 .4 162.6 190.9 160.5 206.8 235.4 279.6
S.E. 24.6 32.7 30.4 17.3 7.5 27.9 13.0 41.2
~N. 4 6 6 10 9 4 7

contrast to the relatively normal findings observed
among animals receiving potassium sodium copper
“chlorophyllin” contributing the samne concentra-
tion of copper.

Histopathology.—-Histopatllological studies were
performed on tle orgaus of test animals receiving
the high level of copper sulfate and gluconate, which
were sacrificed after thirty to thirty-five weeks and
also on the liver, kiduey, and testes of animals re-

- ceiving the lower level of copper sulfate sacrificed

alter forty to forty-four weeks. The  results of
these studies indicated the following organs to be
normal in all the test animals as well as the controls:
spleen, adrenals, small intestines, Large intestines,
stomach, and sciatic nerve.  Kidney sections of
those on the high level of copper sulfate and gluco-
nate, did, however, show minor changes which did
Lot correlate wel] enough throughout the animals to
A study of liver sec-
tions of the animals recciving these copper salts
revealed well defined abnormalitics of a toxic nature
in hoth the males and the femules in that their
and cytoplasmic
staining propertics were ibnormal.

Varying degrees of testiculur degeneration were
noted in both the high and low levels of the copper
sulfate animals; the ovaries of the females on this
prodhiet were not noticeably affected to any degree.
The kidneys, liver, and testes of all the control
#uimals were found to be norniul,

Tissue-Stored Copper and Iron.——The liver,
kidnevs, and some spleens of animals from all
=TOuUps were examined as to their total copper and
iron content (Tables V11 to X), -

Liver copper averaged less than 2 nig. per 100 G,

f\? tivsiie in those aninals recciving the control diet,

R

and the two diets containing 0.19, ang 1.0%; of
potassium sodium

animals receiving 3

copper  chlorophyllin,
7 of
‘o O

Those
“chlorophyllin® had 4

somewhat higher liver copper content which was non-
significant and which concentration was noted only

after the anim
of two years.
copper in the fo
12 mg. to 32 mg:
of more copper than
animals exhibited ji1
more, the liver of g4
b. p. m. of copper
them 38-4¢ mg.

(Fig. 7).

als had been on the diet for a period

Animals receiving 530 p. p. m. of

Comparing

rm of sulfate, stored in forty weeks,
per 100 Gm. of liver,i.e.,a storage
the high leve] “chlorophylin"’
period of two years.
nimals which received 1,600
as copper sulfate had deposited in
of copper per 100 Gm of tissue

Further-

these figures with the copper

-~
©0— e
S0~ é .
to= i
ny. - -
30— —s
20— %
. POTASSIUM Sopiuw Comeen -
“cntomornyiim®
w— T - e
o w covraoc
o— rell) s T30 B Gx
INVESTIGATICy 32 104 2 e 3 o
FZ3100 1y wEEKS
Fig. 7

found in the liver of unimals receiving ],ii()() p. p.m.

of copper us gluconate,

difference, i.

e e e e e

¢, the liver of these lutier

there is cven a more marked
animals
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concentration nearly twice that produced by ad-
ministering an equivalent amount of copper sulfate
and attained in less tinie, i. ¢, in 1pproximatc}y

forty weeks vs. thirty weeks. o
~ Liver storage of copper appears not to be sxgmh- .-
cantly different between the male and female inas- T POTASSKAY SCORM COPPER
much as the high averages, as they occur, invert be- ‘_'_

tween the sexes.

The high storage of copper by the copper gluco-
nate animals correlates with the high death rate of
theseanimals and the high blood nonprotein nitrogen.
There is also marked evidence among these animals
of unfavorable gross pathology and histopathology.

In the kidneys (Fig..8) and the spleen (Fig. 9)

g, Copoer per (QOGm. Rot Kidhex

s T3 JOURNAL OF THE AMERICAN IPHARMACEUTICAL ASSOCTATION Vol. XLILL No s
TABLE NX.—CoprpER AND IRON CONTENT OF TISsus of Rats RecktviNg CoprEr SULFATE 0R Cop;.
GLUCcONATE 1IN DIeT, Mg. Fe or Cu/100 Gm. Tissue (WET Basis) "
L. ‘ . Copper Sulfate, Copper Sulfate, 'Copper Clucom )
) , MContro\ Dth ﬁu 530 p. p. !;‘1 C\Iil 1,600 p. p.Fm. Cu 1,600 p. pr“
: Copper Content
Liver
. Av. 1.16 1.78 12.47 32.36 33.28 45.77 75.1 36 6
G . S.E. 0.3t 0.39 2.52 14.6 13.83 5.18 12.07 6.1
A : N. 6 6 6 5 6 6 6 6
A Kidney
s : Av. 2.48 3.53 3.49 6.91 15.83 12.11 89.567 e
AN S.E. 0.20 - 0.33 0.54 0.48 6.21 4.80 14.75 215
Ta N 6 6 6 6 6 6 5 d
Spleen :
: Av, 3.34 4.83 5.63 5.12 13.91 6.07 12, dq 13.77
S.E. 0.63 0.33 1.5 1.3 7.560 1.72 3.9 - 3.
N 6 G 6 6 i 6 6 t
T , Iron Content
Rt Liver
Av. 9.7 14.74 18.0 16.5 4.1 10.5 5.9 8.5
SE. 2.5 4.0 y.6 1.6 6.3 5.2 2.3 5.4
N. 6 6 6 5 6 6 6 6
Kidney
Av, 16.4 17.44 12.6 15.0 11.8 14.8 10.6 9.0
S.E. 1.4 1.74 1.97 0.98 1.7 1.5 1.2 2.0
N. 6 6 6 ) 6 6 5 - 5
Spleen
Av. 128.1 101.7 20.3 2921 108.9 148.7 49.7 861
S.E. 18.9 37.: 13.6 12.4 18.7 41.7 11.4 .7
N. 6 6 6 6 6 1] 6 [}
stored 56-75 mg. of copper per 100 Gm. of tissue, a o ma. Coooer per K0 6m. Rol Spieen
-— -

comren
GLUCONATE

INVE STIGATION
PERIOD N WEEXS

of those animals receiving copper sulfate (&3
p. p. m. Cu), which is accentuated among the an
mals recciving the high level of copper suiiatr

“.._ » T“ (1,600 p. p. m. Cu); furthermore, in the kidnevs ¢
s0— ) —» those animals receiving copper gluconate (It
- Q - p. p. m. Cu), there was deposited nearly twenty time
o= K esl ~*  the quantity of copper found in the tissues of thecon
- R trol animals. ) o o
R ;:'n';; Concurrently with the exammutmgx‘of the tissues

0 for-their copper content, a determination of the 1

= POTISSIUM SODKA! COPPER content was made. Iron storuge does not di

o= ".“,m’"w':u l between the controls and those animals recety
,-mﬂ“c:m cE3 e ‘ “chlorophyllin’ in the diet, though iron storuge i
meesrgnon BT the liver appears to be somewhat greater in e
) female (Fig. 10). However, when there is a Izt
Fig. 8 storage of copper as in the instance of the anim+®

animals receiving in the diet as high as 3% “chloro-
phytlin” (1,600 p. p. m. Cu) stored no more copper
than animals on the controldiet. There is, however,
a somewhat higher storage of copper in the tissues

receiving copper sulfate and copper gluconate,
appears to prevent in part or depress the storugr &
iron (Table X).

A similar situation exists in the kidneys, an:d 1k

females again appear to store generally a gru!
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Sturage of iron in the

.
Juantity of iron (Fig. 11}
“omale gploen is greater than jn the male and i
Lparently markedly depressed Ly the storage of
theess capper [Fig 1250 )
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An increased iron storage in all tissues is strikingly
evident in animals of greater age.

Tissues were dry ashed at 525°, the copper deter-
mined by the diethylthiocarbamate procedure, and
the iron by a modified o-phenanthroline procedure
(Methods, A. O. A. C., Seventh Edition).

Effect Upon Availability of Ascorbic Acid.—Traces
of copper accentuate the oxidation of ascorbic acid,
and copper when bound as a protein complex is still
effective in accentuating this oxidation. This sug-
gested that a high level of copper in the diet as po-
tassium sodium copper chlorophyllin or of other
copper salts might result in 2 vitamin C deficiency.
An attempt was made to fecd dry mix dicts contain-
ing ‘‘chlorophyllin,’’ copper sulfate, or copper gluco-
nate, to guinea pigs, but the animals refused diets
containing copper sulfate. By trial it was found that
guinea pigs would not refuse these materials when
supplied in water up to a copper content equivalent
of 0.5% “chlorophyllin,” (260 p. p. m. Cu). Sub-
sequently 20 voung female pigs weighing 150 to 200
Gm. each, were divided into four groups: one group
was maintained as a control, the other groups re-
ceived copper sulfate, copper_gluconate, or *chloro-
phyllin” in all of their fluid intake (water). The
animals wére maintained for eleven weeks on a diet
reasonably adequate in vitamin C, comprised of
Rockland guinea-pig pellets and 70 -75 Gm. of fresh
cabbage per week. Food and water consumption did
not markedly differ except in the first few weeks,
during which the animals on the copper sulfate
solution did not drink as freely. There wus no
clinical evidence of scurvy in any of the animals;
no significant difference in survival; weight gain
was better in the “chlorophyliin® animals, and not
greatly different in the animals of the other groups.
However, animals receiving copper sulfate and cop-
per_gluconate did not gain weight asrapidly during
the initial period of test. At the texmination of the
cleventh week allanimals were sacrificed and found
16 be- without gross evidence_of scurvy. Blood
ascorbic acid was determined before sacrificing;
there was no significant difference between the aver-
age figures of the several groups {Table XI).

. TapLE NI.-—Ascorsic Acip CONTENT OF SERUM

orR WHOLE BrLoow, mng. %

Guinea-Pig

Rat Blond Serum Blond,
Diet Males Fernales Females
“Chlorophyllin, 395"
{1,600 p. p. m. Cul - 0.43 ).40 1.96
Copper suffute 3
{1,600 p.p.m. Cu) 9. 0.34 0.95
Copper gluconate
{1,600 p. p.m. Cu) .12 0.57 1.05
0.5D
Contrat (2 p. p. m.
- Cu) 047 0.39 ©.90

Average of § rats, except copper glucimate where irpdividual
Gigures for 2 male rats is given. Average of 4 animals for
guinea pigs.

Though rats do not require ascorbic acid in their
diet, animals after being on the *‘chlorophylitlin’
diets for une year, and the copper sulfate and glueo-
nate diets for forty weeks, were exaninerd for serum
ascorbic ncild

~ro differ-nce from the uormal range
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for rats was found, except that one of two animals
whicll were receiving copper glnconate had a low
<crum ascorbic acid level.

PHOTOSENSITIZATION

To establish whether potassinm soditm copper
chlorophyllin would cause photoscnsitization if it
were preseat as suchin the blood or was degraded in-
to sensitizing porphyrins, ceveral routes of adminis-
tration were followed and several meaus of excite-
ment; that is, prolonged high inteusity light (photo-
flood), short high intensity light (phototlash), and
prolonged ultraviolet exposure (quartz . mercury
arc). Guineir pigs, mice, and rats were subjected
to exposure by these means after having received
the “chlorophyvilin’ by direct application to the
<kin, oral intake, intraperitoneal, or intravenous
injection. Only albino animals were cinployed and
these were in some instances shaved and washed
hefore exposure. Neither general shock, pustula-
tion, edema, or erythema developed cxcept that ery-

thema was produced by the quartz mercury arc in

shaved animals upon prolonged exposure, including
the controls. The guinea pig, which is quite sus-
ceptible to sensitization by many substances, was
not abnormal in response even after repeated appli-
cation of the material.  Furthennore, animals which
had received as much as 3¢, of “chlorophyltin”
their diet for over a year, responded no differently
than did control animals. These experimental
procedures failed to produce photaosensitization.

DISCUSSION

Many investigators have shown that the adminis-
tration of copper in any considerable dosage to the
alhino rat is followed by metal toxicity, an increased
storage of copper, more especially in the liver, kidney
and spleen, damage to these organs, and a high
mortality. We have confirmed these findings and
observed that copper, when organically combined as
the gluconate, either more readily passes across the
gastrointestinal membrane or is protected against
inactivation by proteins, lipids, etc., present in the
food. Thus it is stored morc rapidly and to a
greater extent, resulting in an increased mortality,
Copper or other metallic salts may in this form
offer a therapeutic advantage.

Equivalent daily amounts of copper administered
as the complex potassium sodium copper chloro-
phyllin do not cause metal toxicity even when given
over a more prolonged period. There i no storage
of copper in the liver, kidney, or spleens of such
animals comparable to that resulting subsequent to
thé administration of copper in the form of sulfate
or gluconate. Therefore, though excessive amouuts
of copper cause liver dwmage when given in the
form of u salt such as the sulfate or ghiconate, or as
powdered metallic copper, the same amount of
copper complexed with “ehilorophyll” is innocuous.
This copper is not available for deposit in the
tissues, though the chlorophyllin ‘complex is trans-
ported in the plasma, when a suflicient concentra-
tion of the material is fed in the dict. owever, the
full complement of copper for the amount of *chlo-
rophylin’ in the plasmi is not found. Only abonut
1 /6 of the theoretical copper is present.
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When there is a hiph intake of availuble copuey
as sulfate, cte., as distinguished from the ficmhy
bound copper of seltaraphvilin’ there is an over i
However, there
also appears 0 great amy- individnal peculiarities,
An oceasional animatl may store a tremendous
quantity in some oue tissue, such as the liver, yet
another animal on the sawe intake may store no
more copper than a control animal ou a blank dict,
For instance, capper storage in the livers of the
group on copper sulfate (530 p. p. m. Cu) range from
1--79 mg. copper per 100 G, of tissne.  Neither an
excessively high storage, nor an inordinately low
storage of copper follows in other tissues of the same
aninals, There is thercfore some individnal pe.
culiarity of a particular tissue that plays an un-
explained role.

Corwin (8)in commenting upo photosensitization
suggested that effective amounts of chlorophy 1t may
not enter the blood stream and Zirm and Kilebes (W
found no evidenee of water-soluble chiorophy il Jde-
rivatives in the blood or tissues when C* Libeled
sodinm magnesium chiorophyllin was administered
orally.  We have shown by spectrophotometric oy
amination that at least a portion of the ctlorn.
phyll complex does euter the blood when a snticient
concentration is fed in the diet.  However, photo
sensitization, which is often attributed to porphivring
did not follow and it was not possible to develoy light
sensitive animals by other means of administration
of the material.

Blum (23) also ohserved that the presence of por-
phivrins does not necessarily indicate seusitiviiy to
light and that sensitivity to light is not always ae-
companied by the presence of porphyrins,

Sensitizing porphyrins are abseut though porphy-
rins are extracted from the & and 106% HCI fecul
fractions as evidenced by fliorescence in the ks
violet region following the procedure of Brugsh
and Sheard (26). But phylloerythrin appedrs tu
he absent, as absorption peaks do not occur al A
mu (Fig. 3). Fuorthermore, the porphyrin content
of the feces from rats upon the control diet is notna-
terially higher than that of the rats receivinz 3%
of the “chlorpphyllin.”

Potassium sodium copper chlorophyilin which i
water-soluble in its original form is excreted w the
feces in a water-insoluble and essentially
solvent insoluble form. It has apparentiv ev
changed its potassium and sodiwm and subsiitutes:
calcium. Alkali docs not revonvert it and the cop
per apparently remnains complexed within the stroe
ture. This may in part explain the excelleit sar
vival over a period of nearly two vears, of animiab
receiving  “chlorophyllin®  not withstanding ¢
inordinately high amount of the copper compics
which was purposely fed,  Survival was even bette
than the survival of those aninals on the blavk «f
control diet, and may be compared with the ™7
mortality of male rats upon copper gluconate, and
high mortality amonyg the high level copper st
animals, a1l of which substantiate the essential ne
toxicity of the potassium sodium copper chler
phyllin.

We presume it is by reason of the firmness of 1=
copper complex that a high intake of copper in the
form is tnnocuous,  Further, the comploxed ey
not heing readily removed from within the <t
ture, the conversion of the potassium sodinm oy
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chlorophyllin as ingested to other chilorophyll

fractions, is blocked. As the magnesiun in chloro-
phyll or in a true chlorophyliin is readily removed,
this physical-chemical blocking may not exist for
these compounds.

Potassitun sodium copper chlorophyllin is, under
these circumstances, apparently essentially exereted
as an insoluble calcium copper chlorophyllin.

SUMMARY

“The inclusion of up to 3 per cent of potassitm
sodiutn copper chlorophyllin in the diet of albino
rats over their life span resulted in no indication
of toxicity, in that:

1. The growth rate, survival, blood and urine
facters, and ability to conceive, were normal.

2. There was no yross or microscopic pa-
thology attributable to the “chlorophyllin.”

3. There was no evidence of metal toxicity,
and the lvers, kidneys, and spleens, did not
store increased amouuts of copper, compared with
that stored by similar tissues of animals receiving
equilivalent quantities of copper sulfate or copper
gluconate.

4. Photosensitization did not occur, nor was
it possible to incite sensitization by intraperi-
toneal or local application of the “chlorophyllin.”

During the study it was also observed that:

5. Plasma contains “clhilorophyllin” when a
suflicient amount is fed in the diet.

6. Plasma contains additional copper under
{he same circtunstances, but only to the extent of
about 1/6 of that theoretically expected.

-«
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7. Copper gluconate is more readily absorbed
and deposited in the tissues when administered
orally than is an equivalent amount of copper as
the sulfate.
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The Registry of Rare Chcmicals,
Technology, 35 West 33rd Street, Chicago 16, 1.,
chemicals: -

Alunminum nitride

Silver hyponitrite

Sodium telluride

Phosphonium iodide
Dicthylgernanium iodide

1. 1-Cycloheranediamine
Anthrieene-,10-dicarboxylie acid
2. Chloroeyelopentene-1
T-Ninohvdrindene

25,0 Telramethythenzoie acid
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Armour Research Foundation of the llinois lnstitute of
secks information on sources of supply of the foliowing

2,."»Dihydrnxyphe:lylalauinc
2,4,2",4'-Tetrahydroxydipheuyl

2, 3-Dichlorobenzyl alcohol

Epifluorohydrin

10~I\(clhy1-1,2<bcuzauthraccnc .
g-Chloroluctic acid

Murexine

Taungeretin

Nobilctin

Muscarine
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Copper Absorption With addition of Gluconic, Citric, /? é 7

salicylic, and Oxalic Acid.
7th Report
The Synamics of Copper Absorption,
by M. Kirchgessner, U. Weser and H, L. Mtller

The absorption of complexed copper were investigated in previous reports.. It had
been shown that the rate of copper absorption depended upon the complex size, |
the stAbility of the complex, as well as upon the specific absorption behavior
of the complex ligand. 1In the present study, it was to be determined in how
far the absorption of copper is influenced by the addition of free acids to
the diet. For tﬂis purpose, sevéral nitrogén free organic acids were'chosen
ﬁhich are also present in higher concentrations in certain fodder or food sub=--
stances.

Experimental Part,

50 wvhite female Sprague-Dawley rats with an average body weight of 37 g

were depleted for 17 days with a copper deficient diet in glass-plastic cages.
Subsequently, the animals were divided into the following ten groups:

No Cu addition

Cu sulfate

cuso, + 25 mg gluconie acid Cuso, 4+ 250 mg gluconic acid
‘Cus0, + 25 mg citric.acid Cusoé 4 250 mg citric acidv
Cuso, + 25 mg salicylic acid Cuso, + 250 mg salicylic acid
Cuso, + 25 mg oxalic acid Cuso, + 250 mg oxalic acid,

The coppeXx concentration was always 50 /umol per kg of fodder. The given

acid supplements refer to 1 kg foddex. Aaftexr two weeks, the rats were de-

.decapitated under.anesthesia and the copper content of the liver determined

by. inverse polarography. The test results were evaluated by mathematical-

statistical methods, i'values represent the standard deviation of the single




O

values,

Results and discussion

The test results are shown in table 1, . The copper content of the liver
of the control group which had been kept on a copper depletion diet was

7.5 + 0,9 S The addition of CusO, without simultaneous addition of the

4
respective acids to the diet gave 24,2 i_4.8~/ug Cu. All other groups also
showed a significantly higher Cu content of the liver.,

Table 1. Total Cu content of the liver in /ug.

CuSo, plus

4
25 mg 250 mg of acid
Gluconic acid _ 24,3 + 1.6 27.1 1.6.4
Citric acid ' 25.3 + 4,7 19.5 + 4.6
Salicylic acid _ 22.7 i'4.5 21.5 + 2.9
Oxalic acid : 22,4 4+ 6.9 18.8 + 6.1

After the addition of 25 mg of the acids' the median values for the Cu content

"of the liver were nearly equal compared to the addition of CuSO4 by itself.

It can be presumed that the respective acids do not react withfcopper in this
small supplement, The excess catioﬁs of the diet may have caught the ligands
earlier,

when the supplements of the respeciive acids were increased to 250 mg per kg

of fodder, the amount of copper deposited in the liver was, with the excep-

* tion of gluconic acid addition, lower than in the comparative Cuso, supple~

ment; In the case of oxalic and citric acid, the difference was significant.
Several factors may have played a role in the decreased copper content of

the liver. E.g., it is possible that these acids in high concentration func-
tion as enzyme inhibitors or have a direct influenéé on the naimal membrane

which may have altered the total conditions of absorption.



[Q,

Summary.
opper absorption studies on rats were performed employing dietary adminis-
trations of gluconic, citric, salicylic, and oxalic acid respectively. Con-

centrations of 25 mg/kg diet of these atids had no effect, while a 250 mg

_supplement of citric or oxalic acid ‘diminished the Cu absorption.

Translated by Carl Demrick Associates, Inc./CG/db
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Cu-Absorptxon bei Zulaoe von Glucon- Cxtroncn- :
~ Salicyl- und Oxalsaurc . '

7. Mitteilung

'Zur Dynamik der Kupferabsorption -

Von M. KIRcHGESSNER, U. WesEr und H. L. MULLER

In frisheren Arbeiten wurde die Absorption von komplexgebundenem Kupfer unter-
sucht. Dabei zeigte sich, da die Cu-Absorptionsrate von der Komplexgréfle, der
Komplexstabilitit sowie vom spezifischen Absorptionsverhalten des Komplexliganden
abhingt (KIRcHGESSNER und WESER, 1965a; KIRCHGESSNER et al.,’ 1967). In der vor-
liegenden Arbeit soll gepriift werden, inwieweit die Absorption des Kupfers beein-
flult wird, wenn der Diit freie Siuren zugelégt werden. Hierzu wurden verschiedene
N-freie orgamsche Sduren ausgewihlr, die in bestimmten Futter- bzw. Nahrungs-
stoffen auch in hoherer Konzentration vorkommen.

Expcnmcntcllcs

'50 weiBle weibliche Sprague- Dawley-Ratten mit durchsdmxtthdxcm K&rpergewicht

von 37 g wurden in Glas-Kunststoffkifigen 17 Tage lang mit einer Cu-Mangeldiit
depletiert (KircHGEssNER und WEsSER, 1965b). Anschlieflend wurden die Tiere in

; _folgende zehn Gruppen aufgeteilt: : /
Keine Cu-Zulage < . R A
Cu-Sulfat ) : . . . / T

CuSO, + 25 mg Gluconsiure
CuSO, -+ 25 mg Citronensiure
CuSO, + 25 mg Salicylsiure CuSO, + 250 mg Salicylsiure
CuSO, -+ 25 mg Oxalsdure CuSO, + 250 mg Oxalsiure

Die Cu-Konzentration betrug stets 50 pumol je kg Futter. Die angegebenen Zulagen

CuSO, + 250 mg Gluconsiure
CuSO, + 250 mg Ciuronensiure

. an Siuren beziehen sich auf 1 kg Futter. Nach zwei Wochen wurden die Ratten unter

Narkose dekapitiert und der Cu-Gehalt der Leber inverspolarographisch bestimmt
(Weser und KircHGESSNER, 1964). Die Versuchsergebnisse wurden mathematisch-

statistisch ausgewertet (LINDER, 1960), %-Werte stellen die Standardabweichung der
Einzelwerte dar. :

-
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Ergebnisse und Diskussion -

Die Versuchsergebnisse sind in Tabelle 1 aufgezeigt. Bei der K'o.ntrol.‘gru.ppc. die auf
Cu-Depletionsdiit gehalten wurde, betrug der Cu-Gehalt der Leber 7,5 £0,9 ug. Die
Zulage von CuSO, ohne gleichzeitige Zulage der jeweiligen Sduren zur Diit ergab

A Tabelle 1 :
) o Gesamt-Cu-Gehalt der Leber LN
) inpg A Sy
. ) . . ; CuSO, plus
) Bmg l 250 mg
N ’ Siure.

Gluconsaure  «ooeesesees e v iieeevieesneeanes BRI L1
Citronensiure «.oreeessces S . 253147 195146 .
SalicylSIUTE «onvneonenrnnemernsrserar sttt 227%45 21,5129
OxalSiure ...oeeecesensoosmaveses Viesesessassanese 241+69 18,8 £ 6,1

_ 242%4,8 pg Cu: Ebenso zeigten alle anderen Gruppen einen signifikant hoheren

Cu-Gehalt der Leber. . o . _ .
Bei Zulage von 25 mg dieser Siuren lagen die Mittelwerte der Cu-Gehalte der

Leber im Vergleich zur alleinigen CuSO,-Zulage annihernd gleich. Es ist anzunehmen,

daf die jeweiligen Sduren bei dieser geringen Zulage nicht mit Kupfer reagierten. Die
tberschiissigen Kationen der Diir diirften die Liganden vorher abgefangen haben.
Wenn die Zulage an den jeweiligen Siuren auf 250 mg je kg Fuuter erhsht
wurde, so lagen mit Ausnahme der Gluconsiurezulage die in der Leber gespeicherten
Kupfermengen vergleichsweise zur CuSO,-Zulage niedriger; bei Oxal- und Citronen-
siure signifikant. Fiir diese verminderten Cu-Gehalte in der Leber konnen mehrere
Faktoren eine Rolle gespielt haben. So ist z. B. denkbar, da diese Siuren in hoher
Konzentration als Enzyminhibitoren fungierten oder auf die terische Membran selbst
cinwirkten, was insgesamt die Absorptionsverhiltnisse gedndert haben konnte. . .. -

fl?’iese Umersudxuné wurde mit Unterstiitzung der Deutschen Forschungsgemeinschaft durch-
gefihre. :
. . \

Zusammenfassung

In Versuchen an Ratten wurde gepruft, inwieweit die Cu-Absorption durch- Zulage
von Glucon-, Citronen-, Salicyl- oder Oxalsiure zur Diit beeinflufit wird. Wihrend
die Cu-Absorptionsrate bei Zulage von 25 mg dieser Siuren je kg Futter nicht ver-
3ndert wurde, war sie bei Zulage von 250 mg Citronen- oder Oxalsiure vermindert.

~

- ‘. . Summary -

Cu-absorption studies on rats Were performed employing dictary administrations of

gluconic-, citric-, salicylic-, and oxalic acid, respectively. Concentrations of 25 mg/kg
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diet of these acids had no effect while a 250_mg $upplemen;‘ of citric-, and dxﬁlic
acid diminished the rate of Cu-absorption, respectively. - TR
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é } ' l q 2 No. 6} New Copper Compounds Inducing Ovulntion by Sex-Center Activa o oo
: . Aelv injected once a day for twi
S ! i [Val. s, t of estradiol benzoate was ‘"m",ml,sc“l:.ll:;\\d‘Ilf:\c:eiMr:\\'cnousl‘\' injected
Pl : davs and solution of 2 ('})Nll‘l “,ml‘hhit un the third day. Uccurrence
: i through the auricular vein of Lh«,ll-'\ e parotomy forty-eight
; 91. New Copper Compowunds Inducing Owvulation ! of ovalation of the rabbit was exam
: 2 by Sex-Center Activation hours afier the llllt.(.:\m-?f 200 mgr per day of the copper c?mpountci“\:;ia:
i By Katsuji KusHiva, Masakuni Suzukt, and Koya WATANARE ; 500,:::L1‘:f ;::luquiw slowly drip-injected into -\f ‘;;::ﬁnbgym::mpera'
; Department of Obstetries and Gynecology, Tohoku University mll‘.il\ L'l ! L.i(;n was confirined by measurement 0
! School of Medicine, Sendai Her ovul iments with =
i (Comm. by T. KUMAGAL, .14, June 13, 1960) ; ture. wlts of the experiment. We carried out expmmeper o -
: . ! Rc"_u " te, amino-acetate and salicy late of copper, copp ucing o
It is well known that the diencephalon eontrols incretion of gonado- ! phenol-sulfonate, opper as shown in Table 1, but failed in in [
tropins: from the anterior lobe of the pituitary gland and that gonado- ! m“hylj and albumin ot 0
tropins stimulate sex-hormone production as well as ovulation of the 2 ovulation. L er compountds 8
ovary. Maldevelopment of the sex-center of women reveals two types % Table 1. Intravenous injection of €00} T Crses 3o
of symptoms. The one is anovulation and the other is dysfunction or ! — Concentration  Injected dose ch‘;ls‘:: of 2,:::,‘. ovulated
defect of sex-hormone produetion. The latter symptom can be treated ' Ttem of solution tma) 0 .-g
by sex-hormone administration, but the therapy of the former is more . .5 mMal 2639 ; ;‘ :'. v
difficult. Gonadotropins are used for treatment of anovulation, but do i cu. {""‘"l‘{l " 101 208 3 ¥
; not act on the sex-center. Up to now, dysfunction of the sex-center ! e " 10 20 4 4, ! o
has been hard to treat. Ovulation of rabbits induced by copper acetate ! Cu. am':"'“' ‘),!'.':x\h]nl 25 15 5 ! _"‘
and by copper sulfate was reported in the literature (Fevold, 1936; uwu‘~‘ lte 0.5 mMol E 2 “, o
Bischoff, 1938; Emmens, 1940; Hrooks et al, 1940; Mori and Nagasaki, ' Cu. slieylule | ‘; per cent 10- 60 M ‘z' v
1940; Kobayashi, 1940; Harris, 1941; Duey and Bradbury, 1942; Ducy Cushore 0 1o0-209 . ¢ 0
; and Bradbury, 1944; Naito, 1947; Sawyer and Markee, 1950; Kobayashi ) : 1.0 per cent :‘"’;‘;::: 1 o L‘
f and Kobayashi, 1951, 1952; Kobayashi, 1953, 1055; Tsuno, 1957),"" but Ca. albunin " ho subjects B
i none of these compounds is suitable for clinical use because of their § f copper gluconate was injected, none ﬂsfe; i:ulz’e,:g ]
H toxieity. Barbiturate, which acts on the central nerve system, inhibits i whtj" 10 mg(f lation, but when the doses were ral ’ ?
i the copper ovulation of rabbits.* The pituitary gland of the rat was } showed mduced. o U‘ZJ in'une of the two subjects (Table ID).
: incubated in vitro with the diencephalon extract of the same animal i ovulation was induce L . gluconate (1)
{ and the gonadotropin production was measured. Gonadotropin increased ! Table 11. Intravenous injection of coprer & —
distinetly, when the diencephalon from the rat previously injected with H - Coneentra- | Injected  Dose \;3}3‘\“"“' ni;:ht Left
i a copper compound was used (Sugivama, 1960)."  These experiments Raldiit ""‘“";f:""m G () vel Gyt )
: reveal that copper jons aet on the sex-center. Accordingly, we have R 10 1l vital - :
searched substances activating the sex-center and used extracts from 170 :‘"_m 2 1o - - - $
plant leaves, estrogen, adenosine triphosphate, Isoninzid derivatives, it 2 2 "‘" - - £
Butazolidin, Meratran, Perphenuzine, and Atmulin in order to induce ‘l"' “'_ lu. - B o
ovulation, as given in the previous report (Kushima ot al., 1954)." - 151 —| 12 - N _ -
Jut the results were not satisfactory. i 1 12 v
It is well known that ovulation in rabbits can be expedited by i injection of 15 mg each 3
intravenous injection of copper acetate and copper sulfate. With the . f the 10 rabbits subjected Lo intravenous inJe but none of them
aim of discovering some copper compound with lower toxieity and with ‘ o 1_( ueonate, 8 chowed  indueed ovulation, b [ "
effectivencss in inducing ovulation, we tested the following compound, ‘ of copper prhueonate. (o]
Materials and methads,

Rabbits of fram 2,000 to 3,000 1 of bely
weight were contirmad by kiparotomy not to be in ovulation, 5,000 i.u,

sy = bl ) i ).
suflert rom spitsms of died by the m e ed (l'\ hie
sufTe [ R i l L bie 1
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Table UL, Intravenous injection of copper gluconate ()

Rabbit  Body weight  Concentra-  fnjected  Dose Vital or Ovalation
No, 30 tion () vol (mh () tethal Right Left
1 2,350 (L3 3 15 vital t
179 2,000 3 &5 15 " t i
180 2,050 0.3 1) 15 - - -
I8t AT 0. 5 15 = i
Is2 2,600 0.5 3 15 . R i
=t 2,260 0.5 3 15 ”" 3
184 2,80 [N 4 15 ” 4 -
185 2,100 0.5 Hi 15 ” +
186 2,600 0.5 hi 1% » A H
187 3,300 0.5 3 15 -

The toxicity of copper ¥luconate was of such a level as causing
the death of the rabbits on the next day following intrivenous injee-
tion of more than 45 myg of it. The LD50 of this drug for mice is

© 60 mgfkg,

Copper gluconate was used for the treatment of patients suffering
from anovulation, and no subjective side effect wax observed in total
doses under 200 mg.

Summary. Ovulatory effects of copper ghiconate were firstly
reported. Ovulation was suceessfully induced by intravenous adminis-
tration with this compound, which showed the lenst toxicity among
the known copper compounds.

References

1) Suzuki, M.,: Induction of ovulution, Jap. J. Fert. & Ster., 4, 30 (1959).

2) Tsuno, K.,: Studies on the ‘'sexual centers”, N.S-F.GK. Z., 8, 165 (1957).

3) Sugiyama, 1.,: Experimental studies on the release of gonadotrophin from the
anterior pituitary, N.S-F.GK. 2y, 12, 289 (1960,

4) Kushima, K.. Suzuki, M., Watunabe, K., and Kobayashi, M..: Reported in the first
Asiatlic Congress of £ndocerinclogy, Kyoto (1959).

B s oyt

IERR s SN

B

PP AT R

o b L iy




’ .
¥ i
&

3

"4

L

3

3 3
E.

H ;

i [
* -

< i

.
-
'
P -
& .
.

. 3
. 9

g A

E

.
¢

46 . JOHN F. SCHOLER

-The use of serum in the test has been compared to that of plasma. The
thyro-binding of a serum has consistently been less than that of its plasma but
the relationship between the two has not been constant. The source of this dif-
ference has not been identified, but the addition of anticoagulants to serum has
no effect on thyro-binding.

The use of I-thyroxin (T4) would have an advantage over that of 1-triiodo-
thyronine because of its greater stability (11). For this reason the test has been
done using T4 as well as T3 and the results compared. The thyro-binding of
T4 by plasma at two hours has been less than that of T3, a finding in disagree-
ment with observations made by other methods and at different time inter-
vals (11). The results with T3 and T4 were otherwise comparable, and a good
correlation was shown between the thyro-binding indices determined by the two
tests on different samples of plasma.

SUMMARY

The use of a resin previously labeled with l-triiodothyronine-I1'*' makes
possible a very simple qualitative measurement of the thyro-binding power of
plasma. In clinical use this has been a satisfactory measure of thyroid function.
With this simplification, and particularly with the commercial preparation of
labeled resin, an easily and quickly done in vitro test of thyroid function is
available to any laboratory possessirig satisfactory I'¥! counting cquipment.
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Experimental Studies for Scintillation Scanning of the
Pancreas'™*

Robert H. Greenlaw, M.D.,* William H. Strain, Ph.D., Thomas E. Callear, BS.,
Louis D. Dubilier, M.D., and Sally C. Strain

Rochester, N. Y.

INTRODUCTION

Since the pancreas has not been visualized radiographically without opera-
tive procedures, scintillation scanning should be studied as a method of mapping
this major organ. OQur initial efforts on the development of isotopic tracers to make
scanning of the gland possible have given a moderate differential concentration
in the pancreas and are reported briefly here.

Radioiodinated derivatives of organic acids and radiozinc chelates of amino
acids have been studied in particular, The radiciodinated compounds were uni-
formly unsatisfactory because of high concentrations in the stomach and low
values in the pancreas. Radiozine chelates with glycine and arginine showed the
greatest promise of the amino acid complexes. Their differential uptake by the
pancreas was increased by the administration of other, stable, zinc salts, pre-
sumably by increasing the zinc content of the liver so that more radiozinc was
eliminated by way of the pancreas.

METHOD

Male, Sprague-Dawley rats, weighing 400-425 grams, and fasted 18 hours
prior to injection, were used for screening experiments. The radiozinc chelates
were prepared by adding 10 ml of a normal saline solution of Zn®Cl,, containing
approximately lsc/ml, to 10 mg portions, respectively, of each of the 20
natural amino acids, or amino acid hydrochlorides. By the addition of 10 mg
of anhydrous sodium acetate the reaction of the solutions was adjusted to, or
near, pH 4. Control solutions were prepared by adding only the 10 mg of an-
hydrous sodium acetate to 10 ml of the Zn%Cl, solution, thus forming Zn® (OAc)...
The tracers were given intravenously by tail vein, and the rats killed by ex-
sanguination 1-8 hours later. The pancreas, liver, stomach, kidnev, and spleen
were disseeted Tree of fat, and the activities per gram determined in a well
counter.

15
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48- GREENLAW AND OTHERS
. _ RESULTS

. The highest concentration of activity in the pancreas after administration of
% amino acid chelate alone was obtained with glycine zinc. The concentration
of radiozine in the pancrcas was further enhanced by simultancous injection of
stable zinc gluconate, and slightly increased by stable zinc acetate. The data
given in Table 1 are expressed as pancreas to liver ratios, P/L, obtained by di-
viding the cpm/gm of the pancreas by the count of the liver. Ratios for other
competing organs are not given since in no case was the radioactivity of the
other organs sufficiently high to interfere with the pancreas.

The highest P/L ratio obtained was 3.6, and this resulted 3 hours after 5°

mg of zinc gluconate was given simultaneously with the glycine radiozinc. In-
jection of the same mixture to fed rats resulted in a /L ratio of 3.2 at 2 hours.
The highest ratio of the control radiozine acetate was 1.1 at 1 hour.

DISCUSSION

An understanding of the clearance of zinc is essential for devising methods
of increasing the uptake of radiozine by the pancreas. Unfortunately, little clear-
ance data are now available for the development of working hypotheses. In the
single publication relating to zinc clearance, Gilbert and Taylor (4) imply that
flycine zinc is cleared very rapidly from the blood but give neither specific
pathways nor rates. To measure the overall physiological rate of clearance, stable
serum protein zinc was exchanged with radiozinc in vitro by these authors,
the product reinjected into rats, and in 30 minutes 95 per cent of the radiozine
was cleared from the blood. '

Tantk 1. Ratio oF Pancreas/Livir (P/L) CONCENTRATIONS OF ZiNC 65
GIvEN INTRAVENOUSLY UNDER VaRIOUS CONDITIONS
To Fastip Avcrt Mark Rats.

Hours after Injection

Added Zine
Tracer Gluconate )] 2 3 4
(mp)

Zinc—65 Acetate 0 1.1 0.7 . -
Zinc—65 Acetate 2.5 1.4 2.5 1.5 -
Zinc—65 Acetate 5.0 — 1.8 2.2 2.8
Glycine Zinc—65 0 0.8 1.2 2.0 2.1
Glvcine Zine— 63 H - 2.8 3.6 1.
Glycine Zine—-65 S (fed) o 3.2 1.9 1.9

SCINTHL.LATION SCANNING OF PANCREAS 49

Zine is excreted from the body largely by way of the gastrointestinal tract.
Although 10-20 per cent of zinc may be eliminated through the skin and hair,
urinary and biliary excretions are very low. Experimental studies on the amounts
excreted in the gastrointestinal tract, largely by way of the pancreas, vary
widely. In zinc-65 studics, Sheline, ChaikofF et al. (8) found 50 per cent elimi-
nated in 7 days in mice, and 23 per cent in 15 days in dogs. Gilbert and
Taylor (4) determined with rats that 50 per cent of injected radiozinc was
eliminated in 7 days by way of the gastrointestinal tract. As was shown by
Birnstingl (3), injected zinc-65 appeared in pancreatic juice as early as 15
minutes after intravenous administration, and reached peak levels at 3-6 hours

in dogs. The comprehensive studies of the metabolism of zinc-65 jn rats by

Ballou (1) show that the activity of the pancreas is moderately higher than
liver, spleen and kidney three hours after intravenous injection under ether
anesthesia.

The role of the liver is of key importance in zinc distribution. A variable but
large portion of administered radiozinc in rats is taken up by the liver, and this
is redistributed over a period of days with slow, steady incorporation in bones,
skin, hair, and muscle (2). The reported values for the uptake by the liver vary.
Thus, Meschan (5) found 85-88 per cent of injected zinc-65 in dog liver 2 hours
after administration, and Sheline, Chaikoft et al, (7) reported 38 per cent at 3
hours. Since the liver is amtomically superimposed over the head of the pan-

creas, the high liver uptake of radiozinc creates an obstacle to effective scanning ’

of the pancreas. Prevention of high level tracer zinc deposition in the liver is
essential if the pancreas is to be scanned and this has been achieved in this
study by simultancously injecting stuble zinc gliconate. With cffective blockade
of the binding sites of zinc in the liver, the level of radiozinc in the pancreas
was increased markedly from a P/L ratio of 2.1 to 3.6. This approach offers
promise for successful pancreatic scanning, but it will be necessary to increase
the P/L ratio to 8 or more befare clinical scanning can be considered.

SUMMARY

Radiozine chelates with cach of the naturally occurring amino acids have
been examined as tracers for scintillation scaming of the pancreas. The studies
have been made by tissue counts following intravenous administration of the
chelates to fasted, male, adult rats. Glyeine radiozine accumulates most success-
fully in the pancreas to give radiozine concentrations twice those found in the
liver. Simultancous administration of stable zinc gluconate with the glycine radio-
zinc increases the pancreas concentration to 3.6 times that of the liver.
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A STUDY OF SOME METAL GLUCONATES \ lp g
By G. A. Mersox* and W. F. PickeriNg*f Iq
[Manuscript received dugust 12, 1968)

Summary

The properties of a series of metal gluconates isolated from acid and alkaline,
solution are described. The compounds examined were the simple gluconates of
manganese(ts), iron(cr), zine(ir), cadmium(u), barium(n), and lead(ur1), and the
complex hydroxy species Cda(CsHuO 7)2(0OH) 4,2 H,0, Pb(CeH100:)2(0H)2, and
znz(CsHmO7)(0H)a

INTRODUCTION

Investigations of the solution chemistry of metal gluconate systems (ef. review
by Sawyer!) indicate that each metal ion tends to behave in its own characteristic
manner and the few solid systems which have been studied tend to confirm this
generalization.

The structures proposed for isolated solid complexes of chromium(mr) and
aluminium(ni) include compound% in which three gluconate ions are joined by two
metal hydroxy species.? Similar stoicheiometry is reported for a thorium compound3
together with another species having a metal : gluconate ratio of 3:4. In studies
of the nickel gluconate system,%5 the solid hydroxy species from alkaline solution
was found to possess a metal : gluconate ratio of 2 : 1. :

The composition of the gluconate complexes formed by lead(11), cadmium(1r),

and zinc(m) in alkaline solution has now been investigated and the results are

+ deseribed in this paper. In addition, the propertics of a number of s:mple metal
gluconate salts, isolated from acid solutions, have been compared.

EXPERIMENTAL

Preparation of Metal Gluconates, M| {(CeH1103)2,nll.,0

Metal ion (0-025 moles, carbonate salts of ecadmium(n), lead(11), manganese(tr), and
barium(11), sulphide of iron(tt), oxide of zinc(r1)) were added to a hot agueous solution containing
005 :noles of glucono-§-lactono. After boiling to hydrolyso the lactone and rémove the gaseous
Teaction products, the solutions were filtered and cooled. Ethunol was added to the filtrate until

* Dopartmont of Chomistry, University of Strathelyde, (,-lasgou C.1, Scotland.
T Present address: Department of Chemistry, Univ ersity of Neweastlo, N.S. W 2308.

3 Sawyer, D. T., Chem. Rev., 1964, 64, 633.
. 2 Fialkov, Y. A,, Grigoreva, V. V., Davidenko, N. K., and Pergshkina, N, G., Farmatsert.
Zh., Kicv, 1959, 14, 10 (Chem. Abstr., 1939, 55, T131f).
3 Macarovich, C. G., and Czegledi, .., Rev. roum. Chim. o 1064, 9, 411 (Chem, Abstr., 1961
62, 4592¢).
AJoyee, L. G., and Pickering, W. I, dust. J. Chem., 10635, 18, 783,
5 Melson, G. A., and Pickering, W. l' o cAust. J. Chem., 1903, 21, 1205,

‘3 .
(.ﬁ : : Aust. J. Chem., 1968, 21, 288993
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a precipitate was obtained. The solid was removed by filtration, washed with othanol, dried
over silica gel, ground to a fine powder and again dried.

Preparation of Metal Hydroxy Gluconates

The addition of a solution containing 0-05 mole of cadmium(1r), zine{11), or manganese(r)
nitrate to a solution of 0-05 mole of sodium gluconate plus 0:075 mole sodium hydroxide
resulted in the immediato precipitation of the hydroxy species. The moist pink manganese
hydroxy species rapidly oxidized to brown manganese dioxide on contact with air.

The lead hydroxy compound dissolves in excess base, hence it was prepsred by adding
‘sodium hydroxide slowly to a lead gluconate solution (0-03s1} until the pH reached 7-3. The
white precipitate so obtained was allowed to stand in contact with the solution for 24 hr before
being removed by filtration, washed with water, and dried over silica gel. Iron(1r} and barium(r)
did not yicld any insoluble products under various conditions.

Instrumental Procedures
Thermogravimetric curves were obtained using & Stanton thermobalance with o heating
rate of 100 deg/hr.

Infrared spectra (Nujol and hexachlorobutadiene mulls) were recorded on o Perkin~Elmer
125 and a Grubb-Parsons DM2 spectrophotometer.

Refloctance spectra were measured with a Perkin-Elmer 450 recording spectrophotometer
and reflectance attachment. ) .

The magnetic susceptibilities of the iron(11) and manganese(ir) compounds et room
temperature were measured by the Gouy method.

Melting points could not be ascertained, since decomposition generally preceded or
eccompanied melting.

RESULTS AXD DiscussioN

The elementary analyses and empirical formulae of the species prepared areshown
"in Table 1. The number of water molecules of hydration were confirmed by the
thermal curves (Fig. 1), although complete removal of the water was not complete
in most cases below 175°. In the case of the salts of iron(11) and zinc(m), two of the
associated moles of water were released more readily than the third. Decomposition
of the gluconate skeleton begins at about 175° and ignition of the carbon char begins
at 300°. The hydroxy compounds of lead and zinc appear to lose a mole of water at
200°, but this is considered to be due to either dehydration of a hydroxy bridge or
selective decomposition of the gluconate skeleton.

Conversion of the simple metal gluconate into metal oxide was complete by
500°, the iron and mangancse compounds requiring a lower temperature (400°).
For the zine compound, Zn{CeH;107)2,3H20, the weight of residue at 550° was
greater than required for oxide formation and corresponds to a product such as
5Zn0,2C0; which is the product observed in the thermal decomposition of zinc
carbonate.8 Below (00°, the hydroxy compounds of lead and cadmium also failed
to decompose to the simple oxide, the weight of residue in these cases suggesting the
presence of metal hydroxide. ' '

Two of the above compounds were coloured, the manganese salt being very pale
pink and the iron salt yellowy green. Only the iron compound yiclded a reflectance

¢ Duval, C., “Inorganic Thernmogravimetric Analysis.,” 2nd Edn, (Elsevier: Amsterdam
1063.)
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METAL GLUCONATES 28901

spectrum and this consisted solely of a very broad absorption band covering the
region 25000-10000 cm-1, "

The observed effective magnetic moments (uerr) for the manganese(u) and
iron(1r) gluconates at 292°x were 5-89 B.M. and 5-21 B.)M. respectively, characteristic
of the metal ions in high-spin configurations.

Fig. 1.—Thermogravimetric curves; 200-mg samples.
{c) Fe(C¢H11017)2,3H20;

(b) Mn(CsH)107)2,H20;

(c) Pb(CeH1105)2;

{d) CA(CsH1107)2;

{e) Zn(Cell1107)2,3H20;

{f) Pb3(CeH1007)2(OH)z2;

(g) Zng(CeH100:}(OH)a:

()] Cd3(CeH1107)2(0OH)4,2H:0.

" Weight loss (mg)

1 1 L 1 Fl 1 At 'l I 1 1 1
© 100 200 2300 400 S00 soo"

Temperature -

TasrLE 1
ANALYTICAL DATA FOR THE METAL GLUCONATES

. Found Cale.

Compound e —A N ’ A \

C(%) H(%) M(% C(%) H(%) M(%)
Fo{CcH1107)2,3H20 29:5 . 6-0 11-3 28-8 5.6 112
Mn(C¢H1107)2,H:0 32-1 4-9 11-5 31-1 5-2 11-9
Ba(CeH1107)2,2H20 25-0 45 24-4 25-6 4.6 24-4
Cd(CcH1107)2 28-9 4-7 21-9 28-7 4-4 22-4
Cd3(CeH1107)2(0H)4,2H 0 17-3 3-1 4035 17-4 3-4 40-7
/ Pb(CeH11019)2 23-7 3-8 35-2 24-1 3.7 34-7
Pb(CsH1007)2(0H)2 13-7 2-1 60-5 13-9 2-1 596
Zn(CeH1107)2,3H20 271 5:0 13-7 28-3 56 12-8
Zny{CeH1007){OH)s 19-6 3-5 34-8 19-2 3.5 34-9

The infrared spectra of all the compounds were similar and closely resemble
those reportedd for nickel gluconates and the sodium or calcium salts. Peak values
in the individual spectra did not differ by more than 435 em~! from the following

o
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typical spectrum (the bands in square brackets were not observed in the hydroxy
compounds): .

3300s(vb), 2970w, 2033w, 2373w, 2815w, 2760w(sh), 2710w(sh), 2670w{sh), 1583s(vb),
[1465m)}, [1435m]), 1390s, 1370m(sh), 1350m(sh), 1310m, 1263m, 1250m, 1225m, 1205w(sh),
1125m(sh), 1030s, 10535m, 1030s, 1005m(sh), 970w, 943w, 9135w, 870w, 850w, 805m(sh), 780m,
715m, 635w, 645m, 590m, 560m, 510w, 40w,

Peaks appearing in the range 250440 cm-! have not been included in this list,
since the spectrum in this region corresponded to that of water vapour. The broad
absorption bands observed in the 3000-3400 cm~! region (max. ¢. 3300 cm—1) are
also attributable to hydrogen-bonded water andjor alcohols. Since each gluconate
skeleton contains five OH groups and is prone to the adsorption of small amounts of
water, and since several of the salts were hydrated, infrared absorption in these
regions merely confirmed the expected.

The broad absorption hand at 1583-+-5 em~1 is assigned to the asymmetric
»{COO-) with the symmetric stretch at 13905 cm-1. These bands are typical of
the salts of carboxylic acids? and are accompanied by absorption peaks corresponding
to bending modes of the carboxylate group near 800, 720, and 650 cm-1, The bonding
between the metal ion and this group is thus considered to be essentially electrostatic
in all cases. However, in order to satisfy the usual coordination pattern of the various
metal jons examined, some association of the metal jon with alcoholic’ groups must
occeur. :

" Primary and secondary alcoholic groups give rise to absorption bands, associated
with O-H deformation and C-0 stretching frequencies, in the region between 1000
and 1400 cm-1, . :

In sodium gluconate, where interaction between the metal ion and alcoholic
groups is assumed to be minimal, the absorption at 1090 cin-1 was assigned to a
secondary hydroxyl group.5 Comparison of this spectrum with those of the barium(ir),
manganese(l1), iron{tr), zinc(rr), cadmium(ix), and lead(mm) compounds indicates a
6-15 cm~! shift of this band to lower frequencies in the presence of the heavy metal
jons. This shift is considered to confirm that there is some interaction between the
metal ion and one or more of the secondary alecoholic groups.

STrUCTTRAL COXSIDERATIONS

The configuration of the gluconate ion in alkali metal salts has been elucidated
by an X-ray study?® and while models based on this structure indicate that the
zig-zag chain could twist sufliciently to allow the carboyxl group and two hydroxyl
groups to occupy coordination positions around a metal jon, the similarity of the
infrarcd spectra and the presence of water of hydration in some of the compounds
indicates that marked distortion of the orizinal gluconate structure is not favoured.
In the simple gluconates, the hydroxy acid acts as a bidentate ligand.

It has been shown® that the C 2-0 2 bond (i.e. the a-hydroxy group) lies approxi-
mately in the plance of the carboxylate group, as in tartrates and tartaric acid, and the

? Nakamoto, K., “Infraved Spectra of Inorganic and Coordination Compounds.” (John ,

Wiley: Now York 1963.)
8 Littloton, C. D., Actu crystallogr., 1933, 6, 775.
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observed shift to lower frequencies of the 1090 cin—! secondary alcohol peak is similar
in the gluconate compounds to that observed in the tartaric acid, copper tartrate
1 system. N.m.r. studies! of lead and bismuth gluconate compounds indicate that the
gluconate residue is bouded by the « hydroxyl and carboxylate groups. This evidence
suggests that the most probable sccond coordination site, for the series of gluconate
compounds studied, is the «-hydroxy group. An X-ray study of lead gluconate
[Pb{CeH;107)2] indicated? that the two gluconate residues atfached to the lead
atom extend above and below along the ¢ direction, the disposition of these residues
necessitating o large cell (12 molecules per cell).

In the hydroxy compounds of lead, cadmium, and zine, the OH bending modes
which produce absorption peaks at around 1450 cm-1 were not observed. This
suggests that some or all of the other alcoholic groups are coordinated, to yield a
more rigid structure, and as the empirical formulae of these compounds include
some hydroxy groups, it is highly probable that several gluconate residues are joined
by hydroxy species as proposed for the aluminium, chromium, and thorium

compounds.
g d -
A
4 -
B
3
'8
%
. "~:1
o ® Popinsky, R., Phys. Rev, (4), 1942, 61, 726,
3
A
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(German publication, pp. 286-302)

Blood sugar effect of zinc compounds

By Gunther Weitzel FRanz=Josef Strecker and Ursula Roester

Prom the Medical Research Institute (Biochemical Department) of the Max

Planck Gesellschaft, Gottingen

(Received by Editors March 4, 1953)

Except for zinc-containing insulin preparations, little research has been
done on the effect of zinc compounds on the carbohydrate metabilism. 1In 1892,
Italian authors (1) reported on considerable glycosuria i:n dogs that were )
. given 0.5-1 g of zinc with the food. In 1918, Salant and Wise (2) communicat-
ed that feeding or injection of zinc salts caused hyperglycemia and glucosuria
in rabbits, dogs and cats. When zinc acetate was given by mouth, rabbits show-
ed glucosuria and albuminuria at 335 mg of zinc/kg but not ye't at 30-100 mg
2n/kg. Subcutaneously given zinc malate in doses of 50-100 mg Zn/kg brought
about glucosuria and albuminuria, while intravenously a slight giucosuria
could still be produced with doses of 9-10 mg Zn/kg as zinc malate, resulting
in blood sugar values usually ranging about 200 mg%. Nearly all animals show-
ed albuminuria and died in the course of 2-9 days after zinc intake. Cats
reacted with glucosuria after subcutaneous injection of 25-100 mg Zn/kg as
zinc malate: dogs were given 1.5-26 mg Zn/kg as zinc malate, and glucosuria
-sually occurred. But these dogs survived the zinc injection by only 1-5 days. .
The effect of smaller doses of injected zinc salts on the blood sugar of

dogs was examined by Sanfilippo (3) (0.87 mg Zn/kg each i.m. and i.v, as zinc
chloride, bromide, iodide, nitrate, sulfate, lactate and acetate). He found
no alteration of the normal glucose. level. Also Berenshtein and Shkolnik (4)
observed no changes of the blood sugar in rabbits and dogs after subcutaneous
injection of zinc sulfate or acetate in doses of 100-200 gamms Zn/kq hut did

so after higher doses (0,5-5.0 mg Zn/kq).
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To summarize, these studies show that to produce hyperglycemsia and glu-
cosuria high doses of zinc are necessary. But these are for the most part
highly toxic, so that the animals often perish in the acute stage of the test,
When giving smaller doses of zinc, the glucosuria disappears, while the
hyperglycemia persists at first but fails to occur if the dose is reduced
futther; In the case of parenteral intake, the literature would indicate
that the dose while still causes a distinct hyperglycemia is i{n the range of
about 1-5 mg Zn/kg. It is not evident from the cited research, however,
whether ,the degree of the zinc effect is varied by the chemical structure of
the zinc compound supplied or whether its composition ‘13 of no importance for
the hypewglycemizing effect.

We examined the effect of different acid radicals combined with zinc as
to the degree and duration of the zinc hyperglycemia; in particular we inves-
tigated whether it is possible with suitable organic radicalg, e.g. with com~
plex zinc compounds, to bring about a blood sugar increase using small doses
of zinc, that is, whether doses of as little as 1 mg Zn/kg and down to frac-
tions of one gamma Zn/kg can still influence the blood sugar,

The present paper deals with -

(1) zinc salts of nitrogen-free acids which were given parenterally to

rabbits in doses of 1 mg down to 0,001 garmma 2n/kg. The following zinc salts

were tested:

(.\-:\:‘oqosner-zg Sl row) N2 4S4T sp—tmqaa el peu

o

Chloride Pyrophosphate Malate Gluconate P
Sulfate Citrate Maleinate Glucuronate g\‘
Acetate Tartrate Pyruvate Ascorbinate

(2) zinc salts of alpha-amino acids, in which the stability of the coore

dinate zinc bond can be modified widely according to the kind and number of

the amino acid radicals, No data were found in the literature on the effect

of zinc amino acid complexes on the blood sugar; we testéd the oral, intra-

w2 Lul_;..pod)
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miscular and intravenous intake of zine glycocoll, zinc analine, and zine
glutaminate, using doses of several mg Zn/kg down to 0,001 gamma Zn/kqg.

Method and substances

All experiments were on rabbits kept without food for 24 hours. Dissolu-
tion of the zinc compounds to be injected in 0.9% NaCl solution, adiustment of
the pH to 6.4 ~ 7.0. Only freshly prepared solutions were used. Blood sugar
tests according to daqedotn-Jensen or according to Fujita and Iwatake ( 5). The
number and time intervals of the blood samplings ;re evident from the figures,

The zinc compounds to be tested were prepared in solid form, with the
exception of zinc chloride, sulfate and acetate (commercial products p.a.) and
zinc pyrophosphate (see below). The zinc content was determined by direct
micro~titration w.i.th ethylene diamine-tetraacetic acid as disodi‘um galt (Com-
plexon III) according to Flaschka (6), Indicator: Eriochromé Black T. Calcu-
lation of the quantit} of substance. required for the animal test on the basis )
of the zinc analysis (%).

The zinc salts were obtained by reaction of the respective acid dissolved
in wgt.er with the calculated quantity of zinc carbonate, possibly with pre-
cipitation of the resulting zinc salt by ethanol. Instead of the very little

soluble Zn 7’ which is unsuitable for purposes of injection, we used an

2920
acid zinc pyrophosphate, which was obtained in dissolved form from ZnCO, and
aqueous pyrophosphoric acid. 1In the same manner zinc citrate and zinc malate
were prepared, precipitating them from the aqueous solution by adding the same
volume of ethanol. Zinc tartrate, zinc maleinate and zinc pyruvate precipitat-
ed spontaneously from water as amorphous products; these three salts could be
used only in doses of at most 100 gamma and 10 gamma Zn/kg (sée below) be-
cause ;af their low solubility. Zinc gluconate obtained from gluconic acid

lactone and choa, formed a granular crystalline precipitate and had the com-

position stated in the literature (7): 2n (qluconate)z + 5H20. In preparing

-l

zinc glucuronate from glucuronic acid lactone and chos, we noted that in
order to obtain a zinc salt which will not immediately decompose by hydroly-
sis at neutral pH, it was necessary to take an excess of glucuronic acid

(Zn : glucuronic acid = 1 : 3.5), We then obtained the salt in yellow cry~-
stals from 50% ethanol. 2inc ascorbinate was made available to us by courtesy
of Hoffmann-La Roche, Basel, in the form of a yellow amorphous powder having
a zinc content of 18.3%,

Glycocoll, alanine and glutaminic acid give, depending on the manufactur-
ing method, zinc salts of different composition which are clear when dissolved
in water in neutxal reaction or which may be decomposed more or less quickly
by water with formation of flaky precipitates. Zinc-amino acid complexes,
which in aqueous solution at neutral pH become cloudy very soon after their
dissolution and release zinc hydroxide, are unsuitable for injecting., In our
tests we used only those zinc-amino acid complexes whose stability to water was
great enough to avoid decomposition at neutralsor weakly alkaline pH. Among
them, however, the differences of action are great; few zinc complexes are able
to cause great increases in blood sugar at doses under 100 gamwa Zn/kg. Unless
otherwise indicated, the test results discussed below on zinc amino acids
relate to highly active complexes.

Results
1. Zinc salts of N-free acids
Zzinc chloride and zinc sulfate
The intravenous injection of chlz in doses of 1 my, 100 gamma,l0 ghmma,
1 gamma and 0.0l gamma Zn/kg' did not lead to any appreciable blood sugar in-
creases; only once, after 1 mg Zn/kg,-2 blood sugar increase from 112 to 132
mg% occurred following the injection. But two other animals did not show
this effect after the same dose. The same thing ocenurred with Znsoq. in

one animal 1 mq Zn/kg produced definite hyperglycemia immediately following

the injection, with a peak of 164 mg% after 25 min, while a second animal
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reacted to the same dose with normal values. Lower doses of zinc down to
0,01 gamma 2Zn/kg (as with chl.z) showed no clear and reproducible blood
sugu‘r-increasinq effects,

In agreement with the literature (2, 3, 4) 1 mg 2n/kg evidently repre-
sents the lower limit of the hyperglycemizing dose for Zﬂc].2 and ZnS0 4°
Doses under 1 mg Zn/kg no longer show a distinct effect, although occasion-
ally a slight blood sugar increase can still be observed even at very small
doses (e.g. 1 gamma Zn/kg). What is remarkable is that the animals tolerate
the intravenous injection of these highly ionized zinc salts without acute
symptoms; also subsequent damage was not observable.

Zinc acetate

Compared with ZnC12 and ZnSO 4 the picture of the blood sugar curves
after zinc acetate i.v. changes inasmuch as slight blood sugar increases
occur somewhat more frequently, though not always reproducibly (usually
20-30 mg%). These increases, however, are not dependent on the dose, for
even after a few gamma or as little as 0.001 gamma Zn/kg as zinc acetate
i.v. the blood sugar is seen to increase. The curves given in Fig. 1 for

0.01 gamma and for 0,001 gamma Zn/kg i.v. may serve as an example.

Fig., 1 0.0l gamma Zn 2s zinc acetate i.v, (solid line) K 288; 0,001

gamma Zn as zinc acetate i.v. (broken line) K 298,

Zinc pyrophosphate

In the experiments with acid zinc pyrophosphate at doses of 1 mg Zn/kg
to 0.0l gamma Zn/kg we saw in no case (17 animals were tested) blood sugar
increases in excess of the normal fluctuations.
Zinc citrate

In comparison with chlz, ZnSO‘i and zinc acetate, we find no hlood sugar

increasing effect with zinc citrate. On the basis of 14 rabbit tests, we have

6=

Pox

th; impression, instead, that 2inc citrate influences the blood sugar only in
exceptional cases, and then not at all dependent on the dose, as thexe vas a
marked lack of response precisely with doses of 1 mg and 100 gamma Zn/Xg.
Zinc tartrate

Zinc-tartrate, which for reasons of its adlnbility could be tested only

in d of 10 lg

and 0.0l gamma 2n/kg, showed the same behavior

as zinc citrate.
Zinc malate

The intravenous injection of zinc malate (18 tclts.on rabbits) led to
blood sugar increases at all doses tested in about 50 per cent of the cases.
We give as examples in Fig. 2 blood sugar curves as obtained after injection

of 1 mg and 1 gamma Zn/kg as zinc malate.

Fig. 2 1 mg zinc/kg as zinc malate (solid line) X 2493 1 gamma zinc/Kg

as zinc malate (broken line) K 248,

Zinc maleinate

With zinc maleinate, because this salt is little soluble, we did not try
the dose of 1 mg Zn/kg in order to avoid the injection of large volumes. In
most cases the doses of 100 gamma to 0,01 gamma Zn/kg led to initial blood
sugar increases which, however, were so slight that we could not be sure that
they are attributable to the injected zinc complex.
2inc pyruvate

Again, because this compound is little soluble, it was not possible to
bring the dose of 1 mg Zn/kg into a volume suitable for injection. Intraven-

ous injection at doses of 100 ,10 g , 1g and 0,01 gamma Zn/Xg

caused no ratable effect on the blood sugar in 12 rabbits.
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Zinc gluconate

After injection of zinc gluconate (14 rabbits) distinct blood sugar in-
c:;asea occurred rarely. The remarkable thing is that precisely the smallest
doses (0.0l gamma Zn/kg) caused the most marked blood sugar increases;

cf. Pig. 3.

Fig. 3 Doses of 0.01 gamma 2n/kg i.v. each as zinc gluconate. K 278

(s0lid line) and K 315 (broken line),

Zinc glucuronate
Has about the same effect as zinc gluconate (14 rabbits tested). As
examples we give in Fig. 4 two curves showing the blood sugar response after

injection of 1 gamma Zn/kg as zinc glucuronate,

Fig. 4 1 gamma 2Zn/kg i.v. each, as zinc glucuronate. K 242 (solid line)

and K 272 (broken line)

Zinc ascorbinate

The same result as with zinc gluconate and glucuronate was obtained with
zinc ascorbinate in 24 tests on rabbits. The blood sugar increases were in
part questionable, in part unambiguous, but independent of the dose. As exam-
ples we give inFig. 5 the blood sugar response after injection of 100 gamma

Zn/kg and 0.0l gamma Zn/kg as zinc ascorbinate‘.

FPig. 5 100 gamma Zn/kg i.v. as zinc ascorbinate. K 324 (solid line);

0.01 gamma Zn/kg i.v. as zinc ascorbinate, K 241 (broken line),

Control tests
With those of the abcve named zinc complexes which proved to affect the
blood sugar, control tests were carried out with the respective free acids or

their salts. Sodium malate, glucuronate and ascorbinate as well as free ascord
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bic acid did not increase the blood sugar at the doses in question. Only

with sodium gluconate initial blood sugar incr were tered in the
range from 8 mg down to 8 gamma gluconic acid/kg, but not at corresponding
doses of calcium gluconate.

2. Zinc salts of alpha-amino acids

In the following, the test results are arranged in three groups according
to the quantity of zi'.nc supplied per kg of body weight:

A. More than 1 mg 2n/Kg; B. 1 mg to 1 gamma 2n/kgs C. less than 1 gamma
Zn/kg. . !
A. Doses over 1 mg 2Zn/kg

Fig, 6 shows the blood sugar response after oral administration of zinc
glycocoll and zinc glutaminate (14 and 10 my Zn/kg, respectively). During
the first 10 hours after intake of the lin;: compound, considerable hypergly-
cemia occurs, accompanied by glucosuria and albuminura, Also during the fol-
lowing days, hype}.-glycemic states were observed again and nqal‘n,.intempted
by normal and also subnormal glycemia values., A slight glucosuria could be
demonstrated still on the fourth day after zinc had been fed. Other tests
with zinc glycocoll and zinec glutaminate showed the same pattern as the curves
shown in Fig. 1, which are typical of dysregulation of the blooq sugar in zinc
poisoning. The doses used are, in fact, highly toxic; all animals treated

Wwith them perished after 2-10 days,

Fig. 6 14 my 2n/kg oral as rinc glycocoll, X 60 (solid line); 10 mg

Zn/kg oral as zinc glutaminate, X 66 (broken line).

Salant and Wise (2) needed 335 mg Zn/kg oral as zinc acetate to produce
glucosuria in the rabbit; with 30-100 mg Zn/kg this was not possible. With
zinc-amino acid complexes glucosuria can be produced with much smaller doses

of zinc, as can be seen from Fig., 6. This is no doubt due mostly to the fact
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that the zinc-amino acid complexes used are resorbed very well, unlike zinc
acetate, From stable ginc-glycocoll complexes for example, hardly any zine
jons are released in the gastro-intestinal tracty the typical heavy metal
effects do not occur. For example, a zinc glycocoll soluble as a clear solu-

tion at neutral pH causes neither a metal taste nor nausea or vomiting in man

after oral intake.

Fig. 7 2.5 mg Zn/kg i.m. as zinc alanine, K-207 (solid line) and K 295

(broken line).

In Fig. 7 are shown two blood sugar curves after intramuscular supply of
2.5 mg 2n/kg as 2zinc alanine. The beginning blood sugar increase is demon-
strable already 15 minutes after the injection) the hypetqucemia lasts 4-5
hours. In one animal (K 207) the blood sugar curve leads to ‘sliqhtly hyper-
glycemia values again after the injection. These animals survived.

The intramuscular supply of amino acid-zinc complexes & higher doses,
e.g. 28 mg Zn/kg as zine glycocoll or 20 mg Zn/kqg as zinc glutaminate, had

the same effect on blood sugar and general condition of the animals as des-
cribed above under Fig. 6 for the oral doses; 5 out of 6 animals perished
after 3-5 days.

—

rig. 8 6 mg Zn/kg intravenous as zinc glutaminate, K 65 (solid line)s

8.5 mg 2n/kg intravenous as zinc glycocoll, K 62 (broken line).

Fig., 8 shows the response of the blood sugar curves after intravenous
injection of several mg of Zn as zinc glycocoll (8.5 mg Zn/kg) and zinc
glutaminate (6 mg 2n/kg). In both cases one observes hyperglycemic values,

also q].ucosuria and alvuminura, as long as 80 hours after the injection, with

bloed sugar decreases to about 50 mg% occurring in between. Inttavenous.supply

of more than 5 my 2n/kg in the form of inner zinc complexes of alpha-amino
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acids caused death in 7 out of 8 animals. K 62 in PFig, 8 su;:eolbed un#
80 hours; in parallel tests with the same dose the animals perishéd 60 and ‘1oo
hours after the injection. X 65 (see Fig. 8; 6 mg Zn/kg) was the only one to
suxvive the zinc load.

With intravenous injection of 5 to 1 mg Zn/kg the degree and duration of

the hyperglycemia became less; at the same time the toxicity decreased greatly
[

4 out of 5 animals surviving.

Fig. 9 1 mg Z2n/kg oral .as zinc glycocoll, K 293 (solid line)y 50

gamma Zn/kg i.m. as zinc glycocoll, K 288 (broken line)

B. Doses of 1 mg to 1 gamma zinc/kg

As aan be seen from Fig, 9, an intramuscular dose of as little as 50

gamma Zn/kg as zinc glycocoll

a pr d hyperglycemia lasting several
h .

ours. Given orally, also 1 mg Zn/kg as zinc glycocoll has a definite effect.
The least effective oral dose was not tested because of the undefined resorp-

tion conditions of rabbit intestine.

Fig.
g. 10 850 gamma Zn/kg i.v. as zinc glycocoll, K 76 (solid line); 141

gamma Zn/kg i.v. as zinc glycocoll, K 90 (broken line).

Fig. i
ig. 11 14,1 gamma Zn/kg i.v. as zinc glycocoll, K 78 (broken line);

3. : .
5 gamma Zn/kg i.v. as zinc glycocoll, K 96 (solid line).

Figures 10 and 11 show blood sugar curves after intravenous injection of
zinc glycocoll in the range from 850 gamma to 3.5 gamma 2Zn/kg. Also these
doses still cause considerahle hyperglycemia demonstrable as early as 15 min
after the injection, and which may attain values between 160 and 200 mg% within

the fi H
e first hour. Generally the blood sugar increases still persist several

hours after the injection.
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Fig, 12 0,5 gamma Zn/kg i.m. as zinc glycocoll, x 246 (brokenline),

0.5 gamma Zn/kg i.v. as zine glycocoll, x 29 (solid line),

—

Fig. 13 0,01 gamma Zn/kg i.v. as gzinc glycocoll, x 276 (s0lid line),

0.001 gamma 2n/kg i.v, as zine glycocoll, x 203 (broken line),

—

C. Smaller doses than 1 gamma zn/kg
In figures 12 ang 13 are shown tests with Parenteral supply of less than
1 gamma Zn/kg. As the doses decreases to every smaller quantities of zinc,

the degree and duration of the blood sugar increase diminish; the hyperglycemia

smaller fluctuation.
The initial hyperglycemia after these surprisingly smal}l doses of zinc
occurs more or less regularly, depending on the type of zZinc-glyein complex

given, almost without exception with the most suitable Zinc-glycin complex

least effective dose was not determined, but 2 random test with 0.0001 gamma
Zn/kg of the most effective Zinc—glyein complex stil}l pProduced a distinct
blood sugar increase.

Discussion of the results

1. Zinc salts of N-free acids '

In comparison with the literature references mentioned above (1, 2, 9
on hyperglycemia and glucosuria after intake.of high and toxic quantities of
Zinc, the present studies show that zinc salts of nitrogen-free acids in doses
of 1 mg Zn/kg i.v.and less are able to produce bleod sugar increages which,
however. do not occur regularly, What is remarkable is that minute doses of

1 gamma or 0.01 gamma Zn/kg, for example, can stil]] canfie an inftial rige of

the blood dugar, and that in the range from 1 mg to 0,01 gamma 2n/kg i.v.
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there is no dependence on the dose., On the basis of control tests with the

free acids or their sodium salts, the blood Sugar-increasing effect must be

ascribed to the zine.

The differences in action between inorganie and organic zinc salts or
between highly complex, slightly complex and non-complex zinc salts are not
marked eno;th to permit reliable conclusions as to the possible relationships
between the type of metal bond and the blood Sugar-increasing effect. vyet
the curves convey the impressjon that the structure of the acid radical com-
bined with the metal is not indifferent for the effect of the zinc on the blood
sugar, It seems to usg expecially striking and biologically remarkable that
very small doses, e.g, 1 gamma or 0,01 gamma Zn/kg, can influence the blood
suqu’ level, as these are quantities which are within the thysiological range
and which in our experiments are nearly always attached to cell-related acid
radicals,

The zinc doses given by us, which were not in excess of 1 ny Zn/kg,
showed no toxicity whatever, However, valles et al. (8) observed in the dog
after intravenous injection of 4 my/kg zine gluconate peralysis of the king
legs, reduced tendon reflexes and general atony, while 2 m3/kg zinc gluconate
was tolerated well by dogs as well ag by man,

2. Zinc salts of alpha-amino acids

A survey of the findings made with zinc-amino acid complexes gives a much
different picture ag compared with the very weak action of the ginc salts of
nitrogen-free acids,

If we consider first those of our experiments with zinc-amino acid com-
Plexes where more than 1 mg 2n/kg was given, we find in a&ll cases a consider-
able hyperqucemia, and in part glucosuria, Yet, compared with the doses

used by Salant and Wise (2) - 335 mg Zn/kg as -acetate orally, 25-100 mq /kg

as malate subcutaneously, 15-2¢ ™ Zn/kg as malate mtrmusculaxly and 9-10
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mg 2n/kg as malate intravenously - the quantities administered in our experi-
ments are much smaller; the lower limit of the American authors corresponds
approximately to the upper limit of the zinc doses tested by us, The consid-
erably higher action of the zinc-amino acid complexes compared with the :;.nc
salts of nitr.ogen-acids must be attributed no doubt, in part, to the good re-
sorption of these compounds when given orally, as has been mentioned before.
The masking of the heavy metal by a stable coordinate bond, as it exists
in the zinc-ami;\o acid complexes used, evidently also contributes to iqcreased
zinc effect when given parenterally, A variation of the zinc effect by the
type of the amino acid radical was not observed by us at doses over 1 mg
Zn/kg, if these were solid complexes which remained in solution and clear at
neutral pH., 2Zinc glycocoll =xzinc alanine and zinc glutaminate in mg doses
practically did not differ in their hyperglycemizing effect. Glucosuria was
always ohservable only if hyperglycemia occurred also; a lowering of the kidney

-

threshold for glucose could not be demonstrated,

While zinc-amino acid complexes in doses between 1 am.i 10 mg Zn/kg often
cause a dysregulation of the blood suéar lasting several days, the test results
vary in three respects when using less than 1 mg Zn/kg down to fractions of a
gamma Zn/kg.

1. Degree and duration of the hyperglycemia decrease with decreasing zinc
dose, but the blood sugar increase continues to occur following the injection.
At less than 1 gamma Zn/kg the dependence on the dose is no longer detectable.

2. The toxicity decreases with decreasing dose.

3. b}inor variations in the complex-chemical structure become noticeable
togef:her with the specificity of the amino acid radieal.

Point 3 deserves to be noted especially, as it hints to relationships
between specific complex structure and hyperglycemizing effect. The basic

condition for zinc-amino acid compounds in gamma doses to bring alout a blood

sugar increase is, as hag been mentioned before, that they must be complexes
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which release no zinc hydroxide even if left standing for several days in
aqueous solution at neutral pH. On the other hand, the testing of some
zinc-amino acid complexes with an especially stable metal bond, such as zinc
asparagine, zinc histidine, Zzinc histidyl histidine, zinc cysteine and zine
glutathione, proved that these compounds do not influence the blood sugar at
doses unde.r 1 mg Zn/kg. I.t is, however, possible to form stable zinc complexes
also of glycocoll which at doses of some 100 gamma Zn/kg do not have a blood
sugar increasing effect.

1f we compare the zinc-amino acid complexes wih the'zinc salts of N-free

acids (see above) with respect to their hyperglycemizing effect, we find the

' following: While the blood sugar increases after administration of zinc salts

of N~free acids in doses of 1 mg Zn/kg and less are very small, much stronger
and regularly occurring effects are found at the same doses of suitable zinc-
amino acid complexes;besides, in the range from 10 mg Zn/kg down to about 1
gamma 2n/kg there is a dependence between dose and degree of effect. At doses
of 1 gamma to 0,001 gamma Zn/kg, & gradation of the effect according to the
amount of zinc supplied is no longer observable; evidently the €fect.is then
influenced more strongly by individual differences in the respective metabol~
ism of the test animals.

Control tests with amino acids: The literature (9, 10, 11) contains ob-
servations on hyperglycemizing effects of amino acids. although much higher
doses are necessary to produce blood sugar increases than in our experiments.
The control tests carried out by us with amino acids (testing of all amino
acids, given also as zinc salts, in corresponding dosage) showedthat the blood
sugar increases achieved with zinc-amino acid complexes are attributable to the
complex-botnd zinc. This is proven also by the fact mentioned above that from
the same amino acid we have zinc complexes of different composition, some of

which are effective at doses under 1 mg 2n/kg, while others do not influence
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the blood sugar.

Toxicity: While in testing the zinc salts of N-free acids the doses
{(not higﬁex than 1 mg 2n/kg) showed no harmful effect on the animals (see
above), the zinc salts of amino acids given in quantities of more than 1 mg
Zn/kg caused in many cases pronounced toxic symptoms, which were not entirely
absent even at doses of 1 mg 2n/kg and less. Let us briefly summarize our
observations on the toxicity of these compounds:

The general behavior of the test animals-aftet injection of zinc-amino
acid complexes depends on the size of the dose. Doses over 1 mg Zn/Kg as
zine glycocoll or as zinc glutaminate led to an increasingly severe state
of collapse, somefimes lasting several days, where it was difficult to draw
blood from thé cold ears. The animals sat crouching, their .respitation was
accelerated., About two thirds of the rabbits did not get.out of this state
and perished after 48 to 120 hours. In most of them paresis of the hind lggs
and in some cases also bladder paralysis had occurred. Doses of a few mg
2Zn/kg caused death only after 8-14 days in several cases, the animals being in
a. much reduced state of nutrition. Of the other rabbits only a small number
tolerated these zinc doses without impairment of their general state, the rest
recovered slowly and surxvived without evident late symptoms, The extent of
the toxic phenomena at high doses was not dependent on the method of applica-
tion = i.v., i.m. or by stomach probe.

Doses of 1 mg té about 20 gamma Zn/kg in the form of the above mentioned
amino acid complexes caused a.much lower degree of impairment ‘of the circula-
tion, in linear proportion to the dose. At reduced dose also the number of
animals which showed no toxic symptoms hcreased. Some few animals died in a
reéuced state after 10-14 days,

pDoses of under 20 gamma Zn/kg caused a toxic change of the geneial state
only in exceptional cases. As such an exception we may cite the occurrence of
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a complete atonic paralysis of the hind legs and paralysis of the bladder 15
minutes after injection of 0.35 gamma Zn/kg i.v. as ginc glycocoll (X 122).

For the comparable doses of 1 mg Zn/kg and less it follows that ginc salts
of amino acids are generally more toxic than zinc salts of nitrogen-free acids.

Concerning the mechanism of action which causes the blood sugar increase
by zinc compounds, nothing definite can as yet be said. Hints may perhapas be
derived from older studies by Hausler and Schnetz (12): These authors examin-
ed on the isolated frog liver the effect of metals on normal glycogenolysis and
glycogenolysis increased by adrenalin, They found that zinc (besides Cu and
Hg) clearly increases the release of sugar from the frog liver in certain con~-
centration ranges (11'.)-‘l to 10-6 millimole metal salt per liter in the perfusion

- -7
liquid), while this was not the case at higher (10 2 to 10-3) or lower (10

* millimole ZnsSO 4/].i.t:er) concentrations. But if adrenalin was added to the per-

fusion liquid together with the metal, the zinc completely stopped the increase
in glycogenolysis caused by adrenalin in the control test. It follows from
these experiments of Hausler and Schnetz that gine in very low concentrations
can be glycogenolytic at least on the isolated frog liver, this effect being
brought about without the involvement of adrenalin.

In further tests, however, Schnetz (13) came to the conclusion that in the
whole animal zinc, cadmium and copper salts clearly reduce the adrenalin hyper-
glycemia, and that the normal blood sugar level is “not substantially influ-
enced by said metals.” This is contrary to the findings of Berenshtein and
Shkalnik (4), who observed an increase in the adrenalin hyperglycehia when
Znso4 was injected at the same time,

For the interpretation of the blood sugar increases observed by us after
supplying very small doses of zinc it is logical to think of an effect of
corresponding enzyme systems which contain zinc in the molecule or are acti-

vated by zinc. There enter into consideration, for example, phosphatase
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activations, because generally phosphate transfer is increased by bivalent
metals and zinc is said to be contained in the active group of phosphatases
(14, 15, 1s),

In view of the scanty and inconsistent data of the literature, we were
anxious to provide a reliable experimental basis concerning the hyperglycem-~
izing effect of zinc compounds and to explore moreover the previously unknown
blood sugar increasing effects of very small zinc doses. The 13 figures con-
tained in this Paper are the result of about 500 tests on rabbits and are each
characteristic of a relatively large test series. As has been shown above, no
pronounced effects on the blood sugar level can be obtained with the zine
salts of 12 N-free acids in doses of 1 mg Zn/kqg and less; in view of our
nhumerous experiments we would regard this judgment as final. For the zinc-
amino acid complexes, on the other hand, further intensive study is necessary,
especially from a chemical point of view, since until now their action in
gamma doses was as little known as the fact that zinc-amino acid complexes of
the same amino acid but of different composition may respond differently bio-
logically, The latter fact is not ¢learly evident at high doses (over 1 mg
Zn/kg), while at smaller doses (under 1 mg Zn/kg) considerable differences of
action are observable 'in the individual complexes. In another paper we shall
report on the results we obtained in investiqaf:ing the relatjionships between
hyperglycemizing action and structure of the coordinate zinc bond. :

' Further investigation of these relationships should be especially inter-
esting with regard to the biologic behavior of zinc-containing natural Suba~
stances, e.g. hormones and enzymes, as the zinc-amino acid complexes constitute
simple model substances whiéh permit thepossible variations of the complex
zinc bond to be relatively easy to observe and to brepare, Based on our test
results, it is to be expected also in the case of zinc, ag with other metals,

that minor variations of the complex structure can have a high degree of influ-

-18-

ence on the behavior of zinc compounds in the metabolism. Wmently, the
findings here reported on the blood sugar increasing effect of gamma doses

of suitable zinc-amino acid complexes lead to the question whether nature, too,
makes use of this blood sugar increasing principle. This seems to be the case,

for meanwhile we have been able to show that hyperglycemizing extracts of

'pancreas and gastric mucosa regularly contain zine in complex form, which in

on,
these extracts evidently participates in the blood sugar increasing acti
Summary )

The following zinc salts were given intravenously to rabbits in doses of
1 mg Zn/kg down to 0,001 gamma Zn/kg and their effect on the blood sugar was

Zinc chloride, sulfate, acetate, pyrophosphate, citrate, tartrate,

Similarly

examined:
malate, maleinate, pyruvate, gluconate, glucuronate and ascorbinate.
there were examined the complex zinc salts of glycocoll, alanine, glutaminic
acid and some additional alpha-amino acids in doses of several mg 2n/kg down

to 0,0001 gamma 2Zn/kg (inclnding oral and intramuscular application besides
intravenous).

Most of the tested zinc salts of N-free acids in the dosage range refarred
to can cause slight initial blood sugar increases, which however, do not occur
reqularly.and whose degree does not depend on the dose. Even very small
doses, such as 1 gamma and 0,01l gamma Zn/kg, can have a blood sugar fncreasinf
effect,

Zinc-amino acid complexes in doses over 1 mg Zn/kg produce conl:l.dornfle
hyperglycemia, possibly glucosuria, and are in most cases highly toxic. At
doses under 1 mg Zn/kg differences appear in the structure of the complexes:
From one and the same amino acid active and inactive zinc complexes can be
prepared, which differ in their composition.

With highly active zinc complexes distinct blood sugar increases occurring

shortly after the inijection are still obtained with fractions of one gamma Zn/kg.

(Translated by Carl Demrick Associates,Inc/LH/t)
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Blutzuckerwirkung von Zinkverbindungen

Yon

Giinther.“"eitzel, Franz-Josel Strecker und Ursula Roester

Aus der Medizinischen Forschungsanstalt (Biochemische Abteilung)
der Max-Planck.Gesellschait, Gottingen

{Der Schriftleituny zugegangen am 4. Mirz 1933)

Uber den EinfluB von Zinkverbindungen auf den Kohlenhvdrat. -
stoffwechsel liegen, wenn man von zinkhaltizen Insulinpriparaten absieht, nne -
wenige Untersuchungen vor. 1892 berichteten italienische Autoren? iiber betricit.
liche Glykosurie bei Hunden, die tiglich mit dem Futter 0,5—1 g Zink erhielten.
1918 teilten Salant und Wise? mit, daB Fiitterung oder Injektion von Zink..
salzen bet Kaninchen, Hunden und Katzen Hyperglvkimie und Glucosurie hervor-
rief. Bei oraler Zufuhr von Zinkacetat zeirten Kaninchen Glucosurie und Albu-
minurie bei 335 mg Zink kg, aber noch nicht bei 30—100 mg Zn'kz. Subcutan
verabfolgtes Zinkmalat rief in Dosen von 30—100 mg Zink:kg Glucosurie und
Albuminurie hervor, intravends lieB sich mit Dosen von 9—10 mz Zn'kg als
Zinkmalat eben noch geringe Glucosurie erzeugen, wobei die Blutzuckerwerte -
meist um 200 g %, lagen. Fast alle Tiere wiesen Albuminurie auf und starben im
Yerlaufe von 2—9 Tagen nach der Zinkzufuhr. Katzen reagierten nach sub-
cutaner Injektion von 25—100 mg Zn kg als Zinkmalat mit Glucosurie; Hunde
erhielten 15—26 my Zn'kg als Zinkmalat intramuskulir, wobei meist Gluen-
surie auftrat. Doch iiberlebten diese Hunde die Zinkinjektion nur um 1—3 Tage.

Der Einflul geringerer Dosen injizierter Zinksalze auf den Blutzucker
von Hunden wurde von Sanfilippo? untersucht (je 0,87 mg Zn/kg i.m. und iv.
als Zink-chlorid, -bromid, -jodid, -nitrat, -sulfa$, -lactat und -acetat). Er fand
keine Verinderungen des normalen Glucosespieggls. Auch Berenshtein und
Shkolnik? beobachteten nach subcutaner Injektion von Zink-sulfat oder -acetat

b in Dosen von 100—200 y Zn-kg bei Kaninchen und Hrnden keine Verinderungen -
~ . "des Blutzuckers, wohl aber nach” héheren Dosen (0,5—35,0 mg Znkg).

Zusammenfassend ergibt sich aus diesen Untersuchungen, dal} zur
Erzeugung von Hyperglykimie und Glucosurie hohe Zinkdosen er-
forderlich sind. Diese sind jedoch zumeist stark toxisch, so daB die
Tiere oft noch im akuten Versuch verenden. Bei Verabreichung geringerer

1 L.d’Amore, C.Faldpne u. L.M;
Tiliales Assocides 4, 335 [ISUN,
? W, Salant u. L. Wise,
3 (. Sanfilippo, Arch. F:
4+ F,Y.Berenshtein u. )

amaldi, C. R. Séances Soc. biol.

LiokChenistry 34, 447 [1013].
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Zi=lusen verschwindet die Glucosurie, wihrend die Hyperglykiimie
22550 noeh vorhanden ist, aber hei weiter herahgesctzter Dosis
Us ausbleibt., Be baventeraler Zufuhr diirfte nach den Angaben

1€
T

Zrur diejenige Zinkdosis, welche noch deutliche Hyperglykimie
= Berciche von etwa 1—5mg Zn kg liegen. Aus den genannten
~ungen geht aber niche hervor, ol das AusmaB des Zink.
es von der chemischen Struktur der zugefihrten Zinkverbindung
wer:rt wird oder ob deren Zusammensctzung fiir die hyperglykimi-
sizmerde Wirkung ohne Bedeutung jst. _
Wir untersuchten den EinfluB verschiedener, mit Zink verbundener
Sizrerest: auf Hohe und Dauer dep Zinl:~Hype1-glykéin1ie; insbesondere
FrLén wir, o man mit geeigneten organischen Resten, z. B. mit
. Komrlexen Zink\'erbindungen, eine Blutzuckerstcigerung durch geringere
Zizzloser erreichen kann, d. L. ob auch Dosen von Img Zn/kg bis
E2rab zu Bruchteilen eines y Zn'kg den Blutzucker noch beeinflussen
% kSnnen. : : '
Die vorliegende Arbeit befaBt sich

L mit Zinksalzen stickstofffreier Sduren, welche Parenteral
“ °  an Kaninchen in Dosen von Img bis herab zy 0,001 y Zn/kg
veraireicht wurden, Folgende Zinksalze wurden gepriift:

Chlorid Pyrophosphat Malat . Gluconat
Sulfa: _Citrag Maleinat . Glucuronat
; Acetat _Tartrab Pyruvat Ascorbinat

SR

2. mit Zinksalzen von xz-Aminosiuren, bej denen die Festig-
keit der koordinativen Zinkbindung je nach Art und Zahl der
Aminosiurereste weitgehend abgewandels, werden kann. In der

: Literatur waren keine Angaben iiber dje Beeinﬂussung des Blut-

S zuckers durch Zink-Aminoséiure-KompIexe zu finden; wir priiften

' die orale, intramuskulire und intravensse Zufuhp von Zink.

. glvkokoll, Zink-alanin und Zink-glutaminat, wobei Dosen von

* ~  mehreren mg Zink/kg bis herab zu 0,001 » -Zn kg herangezogen

~ wurden,

R

LIV fedr iy

Methodik und Substanzen
i Alle Versuche an Kaninchen, die 24 Stdn. rehungert hatten. Lisen der zu

v milrierenden Zink\'erbindungen in 0.9-proz. NaCl-Losung, Einstellen des py auf
y - 6.2 —7 0, \'er\vendung nur frisch Lereiterer Lisungen, B}utzuckerbestimmungen
# ¢ bach Hagedorn.Jensen oder nach Fujita und Iwatake?. Anzahl und zeit-
liche Abstande der Blutentnahmen sind aus den Abbildungen zy erschen,

ie zu prifenden Zinkverbindungen wurden mit Ausnahme von Zinkehlorid,

YR AR R ey

"

34~ -sukar und .acetar (kdufliche p.a.-Priparate) und Zinkpyrophosphat (s, u.) in
4 fester Form dargestelit. Die Bestimmung des Zinkgehaltes erfolete durch direkte

srotitration mit At h_\')en-diamintetraessigsiiuro als Dinatriumsalz (Komplexon III)

nach Flascika®, Indikator: Eriochromschwarz T. Berechnung der fiir den
ierversuch erforderlichen Substanzmenge aof Grund der Zinkanalyse*,

$H > A Fujita u. D, Twotake Biochem. Z. 242 43 {1931].

' ¢ H.Flaschka, Mikrovheyfic 39, 38 {19523,

: * Fir die Ausfihrung dér Zinkanalysen danken wir Fraulein Dr. AL
~Fretzdor{f iMedizinische Foxséhggsanstalt, Biochemische Abteilung).
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288 C. Weitzel, F.-J. Ntrecker und U. Roester, Bd.292 (1953).'

Die Gewinnury der Zinksalze erfolgte durch Umsetzung der betreffenden :

inWasser aelosten Siure mit der berechueten Menge Zinkearbonat, geyebenenfalls
mit Ausfilluny des gebildeten Zinksualzes durch Athanol. An Stelle des sche

schwerloslichen, [ir Injektionszwecke ungeeigneten Zn,P’,0, benutzten wir saurey .
Zinkpyrophosphat, welches aus ZaCO, uud wiBrizer Pyrophosphorsiure -

gelost erhalten wurde. In gleicher Weise wurden Zinkeitrat und Zinkmalag
hergestellt und aus der wilriven Losung durch Zusatz des gleichen Volumens -

thanol ausgefillt. Zinktartrat, Zinkmaleinat und Zinkpyruvat fieley .
spontan als amorphe Niederschlize aus Wasser aus; diese drei Salze koanten aaf "
Grund ihrer SchweriGslichkeit nur in Dosen von hichsteus 100 » baw. 10 y Znjkg -
(s. u.) angewandt werden. Zinkeluconat, gewonnen aus Gluconsiure-lacton

r S

und ZnC0,, fiel als kornig kristalliner Niederschlaz an und entsprach der in der-

Literatur? angegebenen Zusammensetzung: Zn(cluconat), + 5 H,0. Bei der -

Darstellung von Zink-glucuronat aus Glucurousiurelacton und ZnCO, be.

achtcten wir, folzenden Umstand: um ein bei neutralem py nicht sogleich darck -

Hydrolyse zerfallendes Zinksalz zu gewinnen, wurde mit iiberschissiger Glucuron.-

siure (Zn: Glucurousiure = 1:3.3) angesetzt, wobei wir das Salz aus 50-proz.

Athanol in gelben Kristalicn erhielten. Zinkascorbinat stellte uns in dankens. -

werter \Weise die Fa. Hoffmann-LaRoche. Basel, in Form eines gelben

- amorphen Pulvers mit einem Zinkgehalt von 18,3%; zur Verfiiqung, «

Glvkokoll, Alanin und Glutawminsaure liefern je nach dem Hemtellungs;.l

verfahren Zinksalze verschiedener Zusammensetzunyg, welche sich in Wasser bei

neutraler Reaktion klar 16sen oder auch durch \Wasser mehr oder weniger rasch -
zerlegt werden unter Bildung flockiger Niederschlige. Zink-Aminosiure-Komplexae, . .

die in wilriger Losung bei neutralem py sehr bald nach dem Auflosen sich tritben

und Zinkhydroxvd entbinden, sind fiir Injektionszwecke ungeeignet. In unseren -.
YVersuchen benutzten wir nur solche Zink-Aminosiure-Komplexe, deren Stabilitat -
gegeniiber Wasser geniigend gro3 war, umn bei neutralem oder schwach alkalischem -.-

pp einen Zerfall auszuschlieBen. Unter diesen bestehen jedoch hobe Wirkungs. -

unterschiede; nur wenige Zink-Komplexe sind dazu geeignet, in Dosen unter ..
100 y Zn/kg starke Blutzuckersteigerungen hervorzurufen. Die im folgenden .

besprochenen Versuchsergebnisse bei Zink-Aminosiuren beziehen sich, wenn
nichts anderes vermerkt ist, auf hochwirksame Komplexe.

Ergehnisse
1. Zinksalze N-freier Siuren ST

Zinkechlorid und Zinksulfat

Die intravensse Injektion von ZnCl, in Dosea von 1 mg, 100y,
10 ¢, 1 v und 0,01 y Zink k¢ fiihrte nicht zu nennenswerten Blutzucker-
steigerungen; nur einmal trat nach 1 mg Zink/kg im AnschluB an die
Injektion ein Blutzuckeranstieg von 112 auf 132 mg%, auf. Ziwei andere
Tiere wiesen nach der gleichen Dosis diesen Effekt jedoch nicht auf.
Ahnlich verhielt sich ZnSO,:1 mg Zink kg rief bei cinem Tier direkt
im AnschluB an die Injektion deutliche Hyperglykimie hervor mit
einem Gipfel von 164 mgY%, nach 23 lin., ein zweites Tier reagierte
auf die gleiche Dosis mit normalen Werten. Geringere Zinkdosen bis
herab zu 0,01 y Zink kg (wie bei ZnCl,) li=Ben deutliche und reproduzier-
bare blutzuckersteigernde Eifekte vermissen.

Ubereinstimmend mit «en Literaturangaben®31 bhefindet man
sich bei ZnCl, und ZnSO,; mit 1 mg Zink kg offenbar an der unteren

7 Crieshammer, Arch. Pharmaz: 2135, 204 [1879]).
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Grenze der hyperglvkimisierenden Dosis. Dosen unter 1 mg Zink kg
zeigen keine deutliche Wirkung mehr, allerdings kann man gelegentlich
auch bei sehr kleinen Dosen (z. B. 13 Znkg) noch geringe Blutzucker-
steigerungen heobachten. Bemerkenswert ist, daB die Tieve die intra-
venise Injektion dieser stark jonisicrten Zinksalze ohne akute Er-
scheinungen vertragen: auch Spitschiiden haben wir nicht feststellen
koénnen.

Zinkacetat

Im Vergleich zu ZnCl, und ZnSO, indert sich das Bild der Blut-
zuckerkurven nach Zinkacetat iv. insofern, als etwas hiufiger, aber
nicht sicher reproduzicrbar, geringfiigige Blutzuckersteizerungen auf.
treten (meist 20—30 mg9,), die jedoch nicht dosisabhingig sind.
Denn auch nach wenigen y und sogar nach 0,001 3 Zn kg als Zinkacetat

"i.v. lassen sich Blutzuckererhéhungen beobachten. Als Beispiel mogen
die in Abb. 1 gegebenen Kurven fiir 0,01 y und fiir 0,001 ¥ Zn/kg i.v.
dienen.

Glucose
mg % |
0 .
130 =l 1 Abb. 1. 0,01 ¥ Zn als Zinkacetat i.v. —
,"\\\\_ K 288; 0,001 7 Zn als Zinkacetat i.v.
20 T TR ---- K 298.
710 N )
100 0 30 60 9 Min
Zinkpyrophosphat .

Bei den Versuchen mit saurem Zinkpyrophosphat in Dosen von

1mg Znkg bis 0,01 » Zn’kg sahen wir in keinem Falle (es wurden
17 Tierc untersucht) Blutzuckersteigerungen, die iiber die normalen
Schwankungen hinausgingen.

Zinkecitrat

Im Vergleich zu ZnCl,, ZnSO, und Zinkacetat findet sich bei
Zinkcitrat keine Zunahme des blutzuckersteigernden Effektes. Auf
.Grund von 14 Kaninchenversuchen haben wir vielmeltr den Eindruck,
daB Zinkcitrat nur in Ausnahmefillen den Blutzucker beeinflut, dann

- aber durchaus nicht dosisabhiéngig wirkt, denn gerade die Dosen von
- 1mg und 100y Zink kg erbrachten ausgesprochene Leerkurven.

Zinktartrat )
Zinktartrat, welches aus Griinden der Loslichkeit nur in Dosen

~von 109, 1y und 0,01 y Zink kg gepriift werden konnte, verhielt sich
»: micht anders als Zinkcitrat.

Hopype-Sevlers Zeitsehrift f. physiol. Chemie. 292 . i 20

he-2Y




I R P U T SO s T TP T L R I O 7 PR WA LI L O S R T

kR s T 2

290 G. Weitzel, F.-J. Strecker und U. Roester, Bd. 292 (1953)

Zinkmalat

Die intravendse Injektion von Zinkmalat (18 Kauinchenversuche)
filbrte in etwa der Hiilfte der Fiille bei allen gepriaften Dosen zu Blut.
zuckersteizerungen. Als Beispiele geben wir in Abb. 2 Blutzucker.
kurven, wie wir sie'nach Injektion von 1 myg und 1 y Zink/kg als Zink-
malat erhielten. :

Glucoss : V ST
mg % E A .

B0 I

20 Abb. 2. 1 mg Zink'kg als Zinkma.lat: )
L/ —— K 249; 1 v Zink/kg als Zink-
20 : malat - --- K 248,

-

110
100
90

/
<

N.~

Zinkmaleinat _ )

Bei Zinkmaleinat untersuchten wir wegen der SchwerlSslichkeit -
dieses Salzes die Dosis von 1 mg Zn/kg nicht, um die Injektion zu groler
Volumina zu vermeiden. Die Dosen von 100y bis zu 0,01 y Zn'kg
fiihrten in der Mehrzahl der Fille zu initialen, aber so geringen Blut-
zuckersteigerungen, daB wir diese nicht mit Sicherheit auf die injizierten
Zink-Komplexe zuriickfithren méchten.

Zinkpyruvat . . _ S
Ebenso wie bei Zinkmaleinat lieB sich anch bei Zinkpyruvat vegen

der Schwerlsslichkeit dieser Verbindung die Dosis von 1mg Znkg

nicht in ein fiir die Injektion gecignetes Volumen bringen. Die intra-

vendse Injektion von Zinkpyruvat in Dosen von 100y, 10y, 17 und

0,01 » Znkg ricf bei 12 Kaninchen keine verwertbare Beeinflussung

des Blutzuckers hervor. ‘ ©

Zinkgluconat

Nach Injektion von Zinkgluconat (14 Kaninchen) traten deutliche
Blutzuckersteigerungen nur selten anf. Bemerkenswert ist, daf gerade
die niedrizsten Dosen (0,01 v Zn/kz) die am besten anisgeprigten Blut- N
zuckersteigerungen hervorricfen, siehe hierzu Abb. 3.
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Glucose
ma %
? a0 .
120 ,';\ Z ! B
) [ \\ L AR, Je0.0ly Znkg iv. als Zink-
%10 1 Tii\ ‘ o gluconat. K 278 -— und K315 ---- ‘
100 -"-‘[' ]
A s z
NN [ A
so1——— T

G 30 60 S0 Min. ~ -
Zinkglucuronat
Zinkglucuronat (14 Kaninchenversuche) verhdlt sich etwa ebenso
wie Zinkgluconat. Als Beispiele geben wir in Abb. 4 zwei Kurven,
welche den Blutzuckerverlauf nach Injektion von je 1y Zn kg als Zink-
glucuronat wicdergeben. . : -

Glhcose
mg% )t |
30 ™ ‘ :
120 1 == Abb. 4. Je 1y Zn/kg i.v. als Zinkglucu-

ronat, K 242 —— und K272 --- -,

110+

o \
L
-
100 1
V4 \7// ‘
S
0 30 60 90 Min.
Zinkascorbinat ‘ :
Das gleiche Ergebnis wie bei Zinkgluconat und -glucuronat brachten
24 ISaninchenversuche mit Zinkascorbinat. Man erhielt zum Teil
fragliche, zum Teil aber auch eindeutige Blutzuckererhshungen, die
jedoch unabhingig von der Dosis auftraten. Als Beispiele geben wir

in Abb. 5 den Blutzuckerverlauf nach Injektion von 100y Znkg und
0,01 y Znjkg als Zinkascorbinat.

Glucose
SRS |
4] — -
A < :
%0 7 ﬁ\ Abb. 5. 1003 Zn/kg i.v.als Zinkascor-
. 130 : Ly binat, K 324 —; 0,01 y Zn kg i.v.als
. 1204 /{i\' \\\/.‘ < o Zinkascorbinat, K 24l e---.
A 7 .
110 \ va \_,' cd

A 100 : -
. . 0 30 60 80 Min,
Kontrollversuche

Bei denjenigen der obengenannten Zink-Komplexe, welche sich
als blutzuckerwirksam erwiesen, wurden Kontrollversuche mit den

20+
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. _ entsprechenden freien Siuren oder deren Salzen ausgefithrt. Natrium. '
> malat, -glucuronat und -ascorbinat sowie freie Ascorbinsiiure steigerten . -

e

4
VTS | S IO
S v g FENENY
STV

& in den in Frage kommenden Dosen den Blutzucker nicht. Nur bei-
'-hf"’ ) Natrium-gluconab lamen im Bereiche von 8 myg bis herab zu 8 y Glucon.
l% siure/kg weringe initiale Blutzuckersteigerungen VO, die jedoch bei
¥ entsprechenden Posen von Calcium-gluconat nicht vorhanden waren.
éf 9. Zinksalze von x-Aminosiuren S
- Die Versuchsresultate sind im folgenden nach der Hohe der pro kg -
. Korpergewioht zugefihrten Zinkmenge in drei Gruppen zusammens-. ‘ :
N v

i L - gefaBt: . . , B
P - A ehr als 1 mg Zn/kg, B. 1 mg bis 1 7 Zn'kg, C. Weniger als 1y Znjkg.
"'A. Dosen iiber 1mg Zn/kg =

Gluc;se
mg‘o L P \
2 = \ \
E A Y
A
22 - A : - . PR e T
1 i‘ \ /\\ Abb. 8. 14ngn,’lgomlal.s-l~ -,
130 Y Zink-glykokoll, K 60 ;7.
. i \ ‘\‘ \‘s . 10 mg Zn/kz oral als Zink:-
140 7 A Y glutaminat, K66 ----. -
/ ‘\ ] A \[' .
4005 T vy v
..-- \‘l . \ -
6 1 . :

e 2 & &6 8 0 12 Stdn. -

Abb. 6 zeigt den Blutzuckerverlauf nach oraler Gabe von Zink-
F A glykokoll und Zink-glutaminat {14 bzw. 10 mg Znkg): In den ersten
-2 S 10 Stdn. nach Aufnahme der Zinkverbindung tritt erhebliche Hyper--
2 . glykimie auf, begleitet von Glucosurie und Albuminurie. Auch in den-
folgenden Tagen wurden immer wieder h}'perglyk’:lmische Zustinde,
unterbrochen von normalen und auch subnormalen Gl_\'kiimic-Werten,
beobachtet. Geringe Glucosurie war noch am 4. Tage nach der Zink- -
fiitterung nachweisbar. \Veitere Versuche mit Zink-glykokoll und
Zink-glutaminat zeigten das uleiche Bild wie die in Abb. 1 dargestellten -
Kurven, deren Verlauf typisch fiir die Dysregulation des Blutzuckers .
bei Zinkvergiftung ist; denn die anzewandten Dosen sind stark toxisch, .
fast alle damit behandelten Tiere gingen nac 210 Tagen zugrunde.’ «
Salant und Wise?® benotigten 333 mg Zn kg oral in Form des
Zinkacetats, um beim Kaninchen Glucosurie zu erzeugern. mit 30-—100mg
Zn/kg gelang dies nicht. Mit Zink-Aminosiiuro-Komplexeu kann rman,
wie aus AbL. O hervorgeht, Glucosurie mit wesentlich geringeren Zink-
dosen hervorrufen. Dies beruht sicherlich zum grofen Teil darauf,
daB im Gegensatz zum Zinkacetat die benutzten Zink-Aminosdure-
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Komplexe schr gut resorbiert werden. Aus stabilen Zink-glykokoll-
Komplexen z.B. werden im Magen-Darm-Kanal kaum Zinkionen
freizesetzt, die typischen Schwermetalleffekte fehlen. Ein bei nentralem
py klar 1ésliches Zink-glykokoll z. B. ruft beim Menschen nach oraler
Aufnahme weder Metallgeschmack noch Nausea oder Erbrechen hervor.

Glucose
mg % % J\ ’
160 7 ." = N
oA :
/ MR -~
120434 e SN St <
) .\\ l Vg N \.
100 N - - = >
. o’ N,
80 o
(o] 2 4 6 - 8 » 10 Stda. )
Abb. 7. Je 2,5mg Zn'kg intramuskulir als Zink-alanin, K 207 — und

K295.---.

'In Abb. 7 sind zwei Blutzuckerkurven nach intramuskuldrer
Zufuhr von je 2.3 mg Zn/kg als Zink-alanin dargestellt. 15 Min. nach
der Injektion ist die beginnende Blutzuckersteigerung bereits nach-
weisbar; die Hyperglykdmie erstreckt sich iiber 4—5 Stunden.’ Der

~ Verlauf der Blutzuckerkurve fithrt 6—9 Stdn. nach der Injektion bei
_ dem einen Tier (K 207) nochmals zu leicht hyperglykdmischen Werten.

Diese Tiere blieben am Leben.
Die intramuskulire Zufuhr von Aminosiure-Zink-Komplexen in

" hoheren Dosen, z. B. 28 mg Zn/kg als Zink-glykokoll oder 20 mg Zn/kg

als Zink-glutaminat, wirkte sich auf Blutzucker und Allzemeinzustand
der Tiere gleichartig aus wie oben unter Abb. 6 fiir die oralen Gaben
beschrieben; von 6 Tieren gingen 5 nach 3—3 Tagen zugrunde.
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~ Abb. 8. 6 mg Zn kg intravends als Zink-glutaminat, K63 —-; 8,3 mg Zn/kg

intraveniis als Zink-civkokoll. K €2 ----,
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294 C. Weitzel, F.-J. Strecker und U. Roester, Bd. 292 (1953)

Abb. 8 zeizt den Verlauf der Blutzuckerkurven bei intravendser

Injektion von mehreren my Zn als Zink-glvkokoll (3,5 my Znke) und -

Zinkglutaminat (6 mg Zn’kg). In beiden Lillen beobachtet man hyper-

glykiimische Werte, ebenso Glucosurie und Albuminurie, noch 80 Stdn,

pach der Injektion, dazwischen treten Blutzuckersenkungen bis herab
zu rd. 50 mg®, auf. Die intravendse Zufuhr von Zinkmengen iber
5 mg Zun/ky in Form innerer Zink-Komplexe von a-Aminosiuren fiihrte

bei 7 von 8 Tieren zum Tode. K 62 in Abb. 8 ging nach 80 Stdn. ver.

loren, in Parallelversuchen mit der gleichen Dosis gingen die Tiere 69
bzw. 100 Stdn. nach der Injektion zugrunde. K635 (s. Abb.8; 6 my

Zn'kg) iberstand als einziges die Zinkbelastung und blieb am Leben. .

Bei intravenser Gabe von 3 bis 1 mg Zn kg wurden Ausma8 und

Dauer der Hyperglykimic geringer, zugleich lieB die Toxizitit bedeutend -

nach, von 5 Tieren Dlieben 4 am Leben.

B. Dosen von 1 mg bis 1y Zink/kg

Glucose

maq % A
9‘1;0 [/‘~j\ If//-\!\ . . S
45011 AN ‘ Abb.9. 1 mg Znjkg oral als .-
i NN Zink-glykokoll, K 293 ——; 30y -
o J. NG \\ i Zn/kg intramuskulir als Zink- .-
2 b i) N Yenle o< - ’
12017 N~ glykokoll, KX 283 ---..
1700 r —C
80 >
. 0 2 4 [ 8 Stdn.

Wie aus Abb. 9 hervorgeht, ruft bei intramuskulirer Zufuhr

noch die Dosis von 30 » Zn'kg als Zink-glykokoll ausgepriigte, mehrere
Stunden anhaltende Hyperglykimie hervor. Auf oralem Wege komme

1mg Zn'kg als Zink-glykokoll ebenfalls deutlich zur Wirkung. Die ge~-

ringste noch wirksame Dosis bei oraler Zufuhr wurde wegen der uniiber-

sichtlichen Resorptionsverhiiltnisse des Kaninchendarms nicht getestet.

Glucose ___‘ ‘
mg % 1 ; /
180 +—T i

1501
. 140
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120 TR al T
soodi=f AL K\\ 2\ /——}‘/l Nl
Y : "_ ot 4 ! i .
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60 R S I S >—
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Abb. 10. 830 y Zu'ky intravenss als Zink-glvkokoll, K 76 ——; 141 y Zn iz
- 7o jutravents als Zink-glykokoll, K90 <. .-,
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Glucose .
mg % 1 ] J
180 i —
1
1801 /f‘\.;"\ :
%0 ",)v’\\ Abb. 1L 14,1  Znkg intravenss als
Y T \IN A Zink-glykokoll, K78 - - - -; 3,3 Zn/kg
20 V_ I/ 1 N\\| /  intravends alsZink-glykokoll, K 96 —
. 100 = i ‘\‘\':7’\ /‘ -
80 I
0 2 4 6 Stdn.

Die Abbildungen 10 und 11 zeigern Blutzuckerkurven nach intra-
vendser Injektion von Zink-glykokoll im Bereiche von 850 y bis 3,5y
Znkg. Auch diese Zinkdosen rufen noch erhebliche Hyperglykimie
hervor, die bereits 15 Min. nach der Injektion nachweisbar ist und
innerhalb der ersten Stunde Werte zwischen 160 und 200 mg Y%, erreichen

kann. Im allgemeinen halten die Blutzuckersteigerungen auch jetzt

noch mehrere Stunden nach der Injektion an.

C. Geringere Dosen als 1y Zink/kg

GlucoseJ
mg % .
%0 | //’"’\\
Y/ !
120 / -
/
100 -2 !
%0 pa. f ¢
T < Lo !
120 7 = s g - <
100 r ;
0 30 60 80 120 150 180 Min.
Abb.12. 0,5+ Zink/kg intramuskulir als Zink-glykokoll, K 246 ..-.; 0,5y
Zinkkg intravents als Zink-glvkokoll, K 296 ——,
Glucose, o .
mg% J\ '1; 3
%0 7
120 }\ g WAJ‘ B
! ! - RN
I '. \ \\ /;’ §>‘\
100 tp A~ s
w1 N~
60

O 30 60 90 120 150 180 Min.

- Abb.13. 0,01 ¥y Zn/ke intravends als Zink-civkokoll, K 276 - -—; 0,001 y Zn/kg

intravengs als Zink-glvkokoll, K 203 - ...
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296 G. Weitzel, F.-J.Strecker und U, Roester,
In den Abbildungen 12 und 13 sind Versuche mit parenteraler -
Zufubr von weniger als 19 Zn'kg dargestellt. Mit der Hcmbaetzung
der Zinkdosis auf immer kleinere \Ien«ul gehen Hohe und Daver der
Blutzuckersteigeruny zuriick, die vaer"l)kamu, manifestiert sich ala
steiler, kurz davernder Blutzuckeranstieg, der fast immer sofort nach -
der Injektion auftritt und dem’ hiufig noch eine zweite, geringere Nach.-
schwankung folgt. '

B 202 (1953) .«

Die initiale Hyperglykimie nach diesen erstaunlich geringen Zink.«: .

dosen tritt je nach Art des verabreichten Zink-glycin-Komplexes mehe- -

oder weniger regelmiflig, bei den am besten geeigneten Zink-glyein-

Komplexen nahezu ausnahmslos auf (70 Kaninchenversuche mit Dosen
unter 1y Znkg als Zink-glykokoll). Die unterste Wirkungsgrenze -
wurde nicht ausgetestet, ein Stichversuch mit 0,0001 » Zn/kg des best-

wirksamen Zinkglycin-Komplexes rief noch deutlichen Blutzucker.--

anstieg hervor.

Besprechung der Ergebnisse Co

1. Zinksalze N-freier Siuren

Im Vergleich zu den eingangs erwihnten Literaturangaben! 3%
iiber Hyperglykidmie und Glucosurie nach Zufuhr hoher und toxischer

Zinkmengen zeigen die vorliegenden Untersuchungen, da Zinksalze -

stickstofffreier Siuren in Dosen von 1mg Zink/kg i.v. und darunter -

geringe Blutzuckersteigerungen ausldsen konnen, die jedoch nicht -
regelmiBig auftreten. Dabei ist bemerkenswert, dal3 kleinste Dosen,
z.B. 1 v oder 0,01 ¥ Zn/kg, noch initialen Anstieg des Blutzuckers
hervorrufen konnen und daB im Bereich von 1 mg bis 0,01 y Zn'kg i.v.
keine Dosisabhiingigkeit hesteht. Auf Grund von Koutrollversuchen
mit den freien Sauren hzw. ihren Natriumsalzen muBl der blutzuckero
erhdhende Effekt dem Zink zugeschrieben werden.

Die Wirkungsunterschiede zwischen anorganischen und organischen
Zinksalzen oder zwischen stark komplexen, schwach komplexen und
nicht komplexen Zinksalzen sind nicht geniigend stark ausgeprigt, um
sichere Riicksehliisse zuzulassen auf etwaige Zueammenhdnce zwischen
Art der Metallbindung und blutzu(kexstelgemder W 1rkung. Trotzdem
vermitteln die Kurven den’ Eindruck k, daB fir die Wirkung des Zinks
auf den Bluizucker die Struktur des mit dem Metall verbundenen
Sdurerestes nicht gleichgiiltig ist. Besonders auffallend und biologisch
bemerkenswert erscheint uns die Tats ache, dafl sehir kleine Zinkdosen,
z. B. 1 v oder 0,01 ¥ Zink kg, den Blutzuckerspiegel beein{lussen kinren,
denn es handelt sich dabei um Zinkmengen, die im Bercich physio-
logischer GroBenordnungen liegen und dic in unseren Versuchen fast
durchweg an zellvertraute Siurereste gebunden sind.

Die von uns verabreichten Zinkdosen, welche 1 mg Zn'ky nicht
itberschritten, liefen keinerlei Toxizitit erkennen. Beim Iund beob-
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er & achteten jedoch Vallee und Mitarb.? nach intravenoser Tnjektion von
¥ 4wy kg Zinkgluconat Lihmungen der Hinterliufe, herabgesetzte
er & Sehnenreflexe und aligemeine Schlaffheit, wihrénd 2 mgkg Zink-
s % gluconat sowohl vom Hund als auch vom Menschen gut vertragen
ch ¥ wurden.
h- )
, 2. Zinksalze von a-Aminosiuren
S Ein Uberblick ber die mit Zink-Aminnsiiure-Komplcxen erhobenen
hr ;3 Befunde ergibt ein wesentlich anderes Bild im Vergleich zu den nur
n- i schwach ausgeprigten blutzuckersteigernden Eigenschaften der Zink-
en % salze stickstofffreier Sduren. :
ze ' Betrachtet man zuniichst diejenigen unserer Versuche mit Zink-
st- Aminosiure-Komplexen, in deneu mehr als 1 mg Zink/kg verabreicht )
r- wurde, so findet man in allen Fillen betrédchtliche Hyperglykimie, zum . ' )
Teil auch Glucosurie. Dabei sind im Vergleich zu den von Salant )
and Wise? angewandten Zinkdosen — 333 mg Zn/kg als Acetat oral, -
25—100 mg Zn'kg als \lalat subcutan, 15—206mg Zn'kg als Malat
intrarouskulir und 9—10mg Zn. kg als Malat intravenos — die in
unseren Versuchen zugefiihrten Zinkmengen wesentlich geringer; die
2.4 unterste Zinkdosisgrenze der amerikanischen Autoren entspricht
er ungefihr der oberen Grenze der von uns gepritften Zinkdosen. Die
76 gegeniiber den Zinksalzen stickstofffreier Siuren betrichtlich hobere
or Wirkung der Zink-Aminosiure-Komplexe erklirt sich bei oraler

Zufuhr, wie bereits erwiihnt, sicherlich zum Teil aus der guten PR.esorbier- S
barkeit dieser Verbindungen.
Die Maskierung des Schwermetalls durch feste koordinative Bindung,
wie sie in den benutzten Zink-Aminosiure-Komplexen vorliegt, trigt
aber offensichtlich auch bei parenteraler Zufuhr zur Erhohung der
Zink-Wirkung bei. Eine Variation der Zinkwirkung durch die Art des
Aminosiure-Restes haben wir bei Dosen uber 1mg Znkg nicht
beobachten kénnen, soweit es sich um feste Komplexe handelte, dic bei

"
O SR BN RIS e

W neutralem pg klar gelost blieben. Zink-glykokoll, Zink-alanin, Zink- -
m - glutaminat unterschieden sich in mg-Dosen in ihrer hyperglykimi- -
- . sierenden Wirkung praktisch nicht. Glucosurie war stets nur dann zu ’
m ~ beabachten, wenn zugleich Hyperglykédmie vorlag; éine Herabsetzung,
e Bt oder Nierenschwelle far Glucose lieB sich nicht nachweisen.
N TWihrend Zink-Aminosiure-Komplexe in Dosen zwischen 1 und
I ?2.‘- 10 mg Znkg oft iiber mehrere Tage anhaltende Dysregulation des
a8 Blutzuckers hervorrufen, dndern cich die Versuchsergebnisse bei An-
o 3. wendung von Zinkdosen unter 1 mg Znkg bis herab zu Bruchteilen
o i eines y Znkg in dreifacher Richtung: '
1 1. Hohe und Dauer der Hyperglykidmie nehmen mit Herabsetzung
. der Zinkdosis ab, doch tritt der Blutzuckeranstieg weiterhin im An-
it . ’ ' . . \\
b - s B.L. Vallee, ENG. Fluharty u. J. G. Gibson, IV. Internat. Cancer ~

-~ Research Ccngress, zit. n. wsiol, Hev. 29, 375,376 [1949].
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schluB an dic Injektion auf. Bei Dosen unter 1y Zn/kg ist die Dosis.
. abhingigkeit nicht mebr feststellbar. _ e
> 9. Mit fortlaufender Erniedrigung der Dosis nimmt die Toxizitiit
o immer mehr ab. . L
3. Feinheiten im komplexchemischen Bau machen sick zusammen
mit der Spezifitit des Aminosiurerestes bemerkbar.

Davon - verdient 3. besondere Beachtung, da sich hier Hinweise -
auf die Zusammenhiinge zwischen spezieller Komplex-Struktur und -
hyperglykimisierender Wirkung ergeben. Fir die Auslosung eines -
Blutzuckeranstiegs durch Zink-Aminosiure-Verbindungen in y-Dosen ...
ist, wie bereits erwithnt, Grundbedingung, daB es sich um Komplexe
handelt, die bei neutralem py in wibriger Losung auch bei mehrtigicem
E Stehenlassen kein Zinkhydroxyd entbinden. Andererseits ergab die
Priifung einiger Zink-Aminosiure-Komplexe mit besonders fester
: Metallbindung, wie z.B. Zink-asparagin, Zink-histidin, Zink-histidyl-

histidin, Zink-cystein und Zink-glutathion, daB diese Verbindungen in .-
Dosen unter 1 mg Zn/kg den Blutzucker nicht beeinflussen. Aber auch
vom Glykokoll lassen sich stabile Zink-Komplexe darstellen, die-in
Gaben von einigen 100 y Zn/kg nicht blutzuckersteigernd wirken.
Vergleicht man die Zink-Aminosiure-Komplexe mit den Zink-
salzen N.freier Siuren (s.o.) hinsichtlich des hyperglykdmisierenden
Effektes, so ergibt sich folgendes Bild: Wahrend die Blutzuckersteige-
rungen nach Verabreichung von Zinksalzen N-freier Sauren in Dosen -
von 1 mg Zn/kg und darunter sehr gering sind, beobachtet man bei den . - -
gleichen Dosen geeigneter Zink-Aminosiure-Komplexe wesentlich
stirkere und regelmiBig auftretende Effekte; zudem besteht -
hier im Bereich von 10mg Zn/kg bis herab zu etwa 1y Zn/kg Ab-
hingigkeit zwischen Hohe der Dosis und AusmaB der Wirkung. Bei
Dosen von 1 bis 0,001 y Zn'kg 148t sich eine Abstufung der Wirkung
je nach der zugefithrten Zinkmenge nicht mehr erkennen; offenbar wird .
der Effekt dann durch individuelle Unterschiede in der jeweiligen
Stoffwechsellage der Versuchstiere stirker beeinf lu3t.
Kontrollversuche mit Aminosiduren: Im Schrifttum? 111 -
finden sich Beobachtungen iiber hyperglykiimisierende Wirkungen von
Aminosiuren, wobei allerdings zur Erzeugung von Blutzucker-
steigerungen unvergleichlich hohere Gaben erforderlich sind als dies
" in unseren Versuchen der Fall ist. Die von uns ausgefithrten Kontroll-
versuche mit Aminosiuren (Priifung aller Aminosiuren, die auch als
Zinksalze verabreicht wurden, in entsprechender Dosierung) zeigten,
daB die mit Zink-Aminosiure-Komplexen erreichten Blutzucker-
steigerungen auf das komplex gebundene Zink zuriickzufithren sind.

% 1. Pollak, Biochem. Z. 125,120 [1922].

10 M, Chikano, Biocl . 205, 154 [1929].

i E, G. Schenck; Naunyn-S¢hmiedebergs Arch. exp. Pathol. Pharmakol.
167, 201 [1932]./" \ ) )
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Pd. 292 (1033) Rlatzuckerwirkung von Zinkverbindungen 2414)
Ein Beweis hicrfiir ist auch die ohen erwiihnte Tatsache, dafi wir von
der gleichen Aminosiure Zink-Komplexe verschiedener Zusammen-
setzung in Hinden haben, von denen hel Dosen unter 1 g Zn/kg einige
wirksam sind, wihrend andere den Blutzucker niche heeinflussen.

Toxizitit: Wihrend bei der Priifung der Zinksalze N-freicr
Siuren die zugefihrten Dosen (nicht héher als 1mg Znkg) keine
Schidigungen der Versuchstiere erkennen liefen (s.0.), riefen dic in
Mengen von mehr als 1 mg Zn kg verabreichten Zinksalze von Amino-
siuren in vielen Fillen ausgepriizte toxische Symptome hervor, die
aber auch bei Dosen von lmg Znkg und darunter nicht ganz
aushlieben. Unsere Beobachtungen zur Toxizitit dieser Verbindungen
seien kurz zusammengefafit: - :

Das Allgemeinverhalten der Versuchstiere nach Injektion
von Zink-Aminosiure-Komplexen ist abhingig von der Héhe
der Zinkdosis. Zinkgaben iber 1 mg Znkg als Zink-glykokoll oder
Zink-glutaminat fithrten zu einem mit steigender Dosis immer schwerer
werdenden und zum Teil mehrere Tage andauernden kollapsartigen
Zustand, in dem aus den kalten Ohren nur unter groBen Schwierigkeiten
Blut zu gewinnen war. Die Tierc salen geduckt, ihre Atmung war
beschleunigt. Etwa zwei Drittel der Kaninchen kamen aus diesem
Zustand nicht mehr heraus und gingen nach 48 bis 120 Stdn. zugrunde,
nachdem bei den meisten von ihnen zuvor noch Paresen der Hinter-
liufe, teilweise auch Blasenlihmung, aufgetreten waren. Dosen von
wenigen mg Zn kg filhrten in mehreren Fillen erst nach 8—14 Tagen
zum Tode der Ticre in stark reduziertem Erihrungszustand. Von den
iibrigen Kaninchen vertrug nur ein geringer Teil die genannten Zink-
. dosen ohne Beeintrichtigung ihres Allgemeinzustandes, der Ilest er-
holte sich langsam und therlebte chne erkennbare Spatsymptome. Fir
das AusmaB der toxischen Erscheinungen war bei hohen Zinkdosen
die Applikationsweise — i.v., i.m. oder per Magensonde — gleichgiltig.

Zinkgaben von 1 mg bis etwa 20 »’kg in Form der oben genannten
Aminosiure-Komplexe riefen wesentlich geringere Beeintrichtigungen :
des Kreislaufs hervor, die parallel zur Zinkgabe im AusmaB abnahmen. |
Mit Herabsetzung der Dosis stieg weiterhin die Zahl der Tiere, die keine
toxischen Erscheinungen erkennen lieBen. Wenige Tiere starben in
reduziertem Zustand nach 10—14 Tagen. *

Zinkdosen unter 20 kg filhrten nur in Ausnahmefillen zu toxischen
Allgemeinverinderungen. Als solche Ausnahme mag das Auftreten
. - einer kompletten schlaffen Lihmung der Hinterlaufe mit Blasenlithmung
© 13 Min. nach Injektion von 0,35 » Zn kg i.v. als Zink-glykokoll (K122

. angefuhrt sein.

Fiir die vergleichbaren Dosen von 1 mg Zn kg und darunter ergibt
- sich daraus, daB} Zinksalze von Aminosiuren im allzemeinen toxischer
sind als Zinksalze stickstofffreicr Siuren.

Uber den Wirkungsmechanismus, welcher die Blutzucker-
steigerung durch Zinkverbindungen hervorruft, Jassen sich heute noch-
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: 300 G. Weitzol, F.-J. Strecker und U.Roester,  Bd. 232 (1953) .
v keine sicheren Aussagen machen. Hinweise auf einen moglicherweise
v zugrundeliegenden Vorgang kénnen vielleicht iltere Untersuchungen
A ‘ von Hiusler und Schnetz!? geben: Diese Autoren untersuchten an
e " der isolicrten Froschleber den Einfluf von Metallen auf die normale
- und auf die durch Adrenalin gesteigerte Glykugenolyse. Sie fanden, '
’ daB Zink (neben Cu und Hg) in bestimmten Konzentrationsbereichen . .
(10-4 bis 10-¢ Millimol Metallsalzjl in der Durchspiilungsflissigkeit) .
die Zuckerabgabe' aus der Froschleber deutlich steigert, nicht aber in .. 1
anderen, héheren (10-2 bis 10-? Millimol ZnSO,!) oder geringeren .
(10-7 Millimol Zns0,/l) Konzentrationsbereichen. Wurde dagegen - -
gleichzeitig mit dem Metall Adrenalin der Durchspiilungsfliissigkeit zu.
gesetzt, so hemmte Zink die im Leerversuch durch Adrenalin hervor-
gerufene Steigerung der Glykogenolyse vollstindig. Aus diesen Ver-
) suchen von Hiusler und Schnetzl® ergibt sich, daB Zink in sehr
o geringen Konzentrationen zumindest an der isolierten Kaltbliiterleber -
' glykogenolytisch wirken kann, wobei dieser Effekt ohne Beteiligung - -
von Adrenalin zustande kommt. -
: In weiteren Versuchen kam Schnetz1? jedoch zu der Auffassung, . -
@ daB Zink-, Cadmium- und Kupfersalze am Ganztier die Adrenalin-.. -~
k Hyperglykiimie deutlich vermindern und daB der normale Blut-
' zuckerspiegel ,,durch die genannten Metalle nicht wesentlich
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3; b beeinfluBt® wird. Dies steht im Gegensatz zu den Befunden von -
il Tl Berenshtein und Shkolnik#, welche eine Steigerungder Adrenalin- - .
L 5 : Hyperglykidmie beobachteten, wenn zugleich ZnSO, injiziert wurde.

s,
foad

Es liegt nahe, zur Deutung der von uns beobachteten Blutzucker- -

':-';iv L steigerungen nach Zufuhr sehr geringer Zinkdosen an eine Beeinflussung
L: ER entsprechender Fermentsysteme zu denken, welche Zink im Molekiil
' Lo enthalten bzw. durch Zink aktiviert werden. Hier kommen z. B. Phos-
S o phatase-Aktivierungen in Betracht, da ganz allgemein die Phosphat-

K :

Ubertragung durch zweiwertige Metalle gesteigert wird und Zink in der -
wirksamen Gruppe von Phosphatasen enthalten sein soll1¥1%18,

Angesichts der spirlichen und uneinheitlichen Angaben im Schrift-
tum lag uns daran, zur Frage des hyperglykimisierenden Effektes von -
Zinkverbindunzen eine sichere experimentelle Grundlage zu schaffen - -
und dariiber hinaus die bisher nicht bekannten blutzuckersteigernden
Effckte sehr geringer Zinkdosen zu untersuchen. Die in der vorliegenden-
Arbeit enthaltenen 13 Abb. gingen aus etwa 500 Kaninchenversuchen -
hervor und sind jeweils fir eine groBere Versuchsreihe charakteristisch.

12 H. Hiusler u. H. Schuetz, Biochem. Z. 275, 204 {1935].

12 H. Schnetz, Naunyn-Schmiedebergs Arch. exp. Pathol. Pharmakol. 178,
420 [1935]; Klin. Wschr. 15, 645\[1936]. ‘

14 R, Cloetens, Biochem. Z: ¥0S, 37 [1948].

15 1, Massart u. L. Vandehdriessche, Naturwiss, 25, 143 {1940]; R.Du-
fait u. L. Massart, Naturwiss. 24, 651 [1941].

16 V. Sadasivan, Arch. Biochemistry 23, 100 [1950]; Nature {London} .

170, 421 [1952]. s
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Wie ohen gezeigt wurde, lassen sich mit den Zinksalzen von 12 X-freien
Sduren in Dosen von 1 mg Zn/kg und darunter keine stark ausgepriigten
Effekte auf den Blutzuckerspiegel erzielen; in Anbetracht unserer
zahlreichen Versuche mochten wir dieses Urteil als abschlieBend be-
trachten. Dagegen verlangen die Zink-Aminosiure-Komplexe eine
weitere intensive Bearbeitung, ver allem auch in chemischer Hinsicht,

B AR Ve ditt R o R S A i

2y
4

#  da bisher ihre Wirksamkeit in y-Dusen ebensowenig bekannt war wie
¥ die Tatsache, daB Zink-Aminosiure-Komplexe der gleichen Amino-
%  sidure, aber verschiedener Zusammensetzung, sich biologisch different
i1 verhalten konnen. Der letztere Sachverhalt macht sich bei hohen Dosen
;} (iiber 1 mg Zn.kg) noch nicht deutlich bemerkbar, wihrend man bei
% geringeren Dosen (unter 1 mg Zn/kg) erhebliche Wirkungsunterschiede
%» bei den einzelnen Komplexen beobachten kann. In einer weiteren
@: Arbeit werden wir iiber die Ergebnisse berichten, die wir bei der Unter-
%  suchung der Zusammenhinge zwischen hyperglykimisierender Wirkung
- wund Struktur der koordinativen Zinkbindung erhalten haben.

{- Die weitere Verfolgung dieser Zusammenhinge diirfte von be-
d  sonderem Interesse fiir das Verstindnis des biologischen Verhaltens
ié zinkhaltiger Naturstoffe sein, z. B. von Hormonen und Fermenten;
*;’ . denn wir besitzen in den Zink-Aminosiure-Komplexen einfache Modell-

substanzen, bei denen die mdglichen Variationen der komplexen Zink-
bindung relativ gut iibersehbar und priparativ leicht zuginglich sind.
Auf Grund unserer Versuchsergebnisse hat man ebenso wie bei anderen
Metallen nun auch beim Zink damit zu rechnen, dafl Feinheiten der
komplexen Struktur in sehr hohem MafBe das Verhalten von Zink.
verbindungen im Stoffwechsel beeinflussen konnen. Infolgedessen
fithren die in der vorliegenden Arbeit mitgeteilten Befunde iiber die
blutzuckersteigernde Wirkung von y-Dosen geeigneter Zink-Amino-
siure-Komplexe zu der Frage, ob auch die Natur von diesem blut.
zuckersteigernden Prinzip Gebrauch macht. Dies scheint der Fall zu
sein, denn wirl? konnten inzwischen zeigen, dafl- hyperglvkimisierende
- Extrakte aus Pankreas und Magenschleimhaut regelmiBig komplex
gebundenes Zink enthalten, welches in diesen Extrakten offenbar an
der blutzuckererhohenden Wirkung beteilige ist.
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Fiir verstindnisvolle und unermiidliche Mitarbeit danken wir Fran Gertrud
Langenberg und Friulein Kiathe Biittner,
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Zusammenfassung

5 Die folgenden Zinksalze wurden an Kaninchen in Dosen: von 1 mg
#% . Zink/kg bis herab zu 0,001 y Zink kg intravends verabreicht und jhr
2. EinfluB auf den Blutzucker untersucht: Zink-chlorid, -sulfat, -acetat,
5 . - -pyrophosphat, -citrat, -tartrat, -malat, -maleinat, -pyruvat, -gluconat,
¥ -elucuronat und -ascorbinat. In gleicher Weise wurden gepriift die
komplexen Zinksalze von Glykokoll, Alanin, Glutaminsiiure und einiger

¥ G AVeitzel-und- Mitarbb., Naturwiss., 40 [1953], im Druck.
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Effect of alkali metal-ions on the basic metabolism

By Ladislaus Berta and Gustav Gyceri

(From the Rheumatic- and Balneological Research Institute of the Therapy
Commission Budapest, affiliated with the General Pathological Institute of
the University) (Received on November 3, 1941)

if we study the effects of mineral waters, the question arises what in-
fluence dé these waters have on the basic metabolism. In.order to recognize
their total effect we have to study first their individual ions separately.
. In this paper we report about our investigations regarding the effect of
magnesium and sodium.

Tests which were made at the Institute by Kliebert (7) proves that rabbits
which were fed with magnesium- and sodium- con;aining mineral water react to
an adrenalin injection with a hyperglycemia of lower grade and shbrtef dura-
tién than the untreated controls. At the same time the sugar load curve ob-
tained with the administration of dextrose is much higher, which can be ac-
counted for by a better storage of glycogen in the liver.

Francke's tests (2) also show storage of glycogen in the liver after ad-
ministration of Mg-gluconate. According to Hazard and Vaille (9), a small
amount of magnesium is sufficient to reduce the blood sugar. This is also
proven by tests by Land and Rigo (10), Kliebert (7) explains the action of Mg
observed in his tests as a change of the vegetative nervous system in para-
sympathic direction.

On the basis of these considerations it seems interesting to peruse the
literature from the viewpoint of the influence of a parasympathic preponder-
ance on the bhasic-metabolism. According to .Lubbe and Rubinstein (11), the
parasympathicomimetic acetylcholine and the sympathicus-paralyzing yohiﬁhin
reduce equally the basic metabolism. The same authors saw a similar effect

with ergotamine. According to Orestano (12) exrgotamine reduces the basic
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metabolism likewise and when administered together with adrenalin it prevents
its increasing effect. All these authors agiee that adrenalin increases the
basic metabolism and they~consider the effect of atropine and pilocarpine as
a two-phase effect. |

On the basis of the above mentioned data we must conclude that the basic
metabolism is reduced by the administration of magnesium salt if the magnesium
actually causes a displacement of the vegetative equilibrium of the organism
in parasympéthic direction. No similar studies are known to us with regérd
t§ the effect of Na. We administered Mg and'Na.in the form of their glucon-
ates assuming that the gluconate as an anion behaves indifferently and that
the effect of the cation can therefore manifest itself freely.

The tests were divided into two groups: in the first group we observed
the change in the basic metabolism following immediately a single injection
of Mg or Na in the second group, however,we observed the changes occurring
after long-term feeding with Mg or Na-gluconate.

The basic metabolism was determined partly with the original metabolism
apparatus for small animals by Belak-Illenyi (13), and partly with the modifi-
cation indicated by Berta, wﬁich was described in detail in the preceding study.

Among the 15 normally developed male rats weighing 160 to 220 g which
were used for the tests, four animals proved complefely suitable for metabolism.
tests., OnAthese animals we made three times a test lasting 2 hours to d;ter—
mine the normal basic metabolism after fasting for 16-20 hours. According to
the statistical calculations, the deviations from the mean were very small -
the errors were 1/100 or 1/200 of the mean value, so that the reliability of
our mean value is beyond any doubt.

In order to avoid that the seasonal changes in the diet would influence
the basic metabolism of our rats, they were kept on a constant diet which

consisted of a barley and corn mixture to which casein and fat were added.
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In order to cover the vitamin need, it contained butter and yeast, the ne-
cessary amount of salt was provided by the salt mixture by McCallum. The
tests were always carried out on the animals after fasting for 16-20 hours.

1. Magnesium tests to test the acute effect

In the following test series we:injected 1.5-2,0 cc 10% magnesiuﬁ-
gluconate solution subcutaneously and determined after the administration
for 6 houre in half-hour intervals the basic metabolism of the animals. 1In
the'rats no.5, 10,13 we made three tests this way, in no. 7 only one test
because the animal died.

After the injection of Mg gluconate, the basic metabolism of the rat is
reduced, table 1. This reduction reaches its low point in the 3rd to 4th half
hour in.which the 02-consumption drops to 53-83%, assuming a normal 02 con- .
sumption of 100%, so that we can qnly observe a reduction of 17-479%. This re-
duction was observed in each test. Then the basic metabolism starts to rise
again and attains in the 5th to 8th half hour the normal level, sometimes it
even rises above it, to settle thereafter at the.normal level after more or
less great fluctuations. In another part of the cases it remains constant at
the normal level.

The Mg;gluconate solution used in this test series can be considered in
osmotic respect substantially as a physiological solution. Due to their genw-
eral physical effect, these salt solutions leave the basic metabolism either
unchanged or they increase it slightly. &An obeervation to the effect that
the' basic metabolism is physically reduced can not be found in the literature
at all so that our finding can only be due to the chemical action of Mg-gluco-
nate, The glueonate,.however, is likewise ineffective as an anion, as it was
proven by our later tests, so that the reduction of the basic metabolism must
be ascribed to the Mg-effect.

In the course of our tests the question arose whether the effect observed

here was not perhaps a result of the narcotic, sleep-inducing, tranquilizing
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effect of magnesium; but this is not likely, because the mobility of the rats
did not'change after the injection of magnesium according to our observations.
We should mention that in the rabbit at least 3 g/kg MgS04 produce narcosis
according to Matthei and Butturini (14). This amount corresponds to about
0.6 g, converted to pure magnesium, hut we used only 0.05 g Mg. From this
small dose we can thus not assume a narcotic effect. With regard to the ef-
fect of narcotics on the basic metabolism, we should mention Lee Mitton's tests
(15), according to which 0.05 g/kg isoamylethyl barbituric acid- hence a'very
strong narcotic dose -~ causes a reduction of 5-18%, 0.60-0.96 g/kg urethane -
likewise a very large dose~ cause only a reduction of less than 10%. The re-
duction of thé basic metabolism observed in our tests can therefore.not be
accounted for by the narcotic effect of Mg.

In a similar sense have to be evaluated the'tests by Tangl and Vérzar (16)
who found that the basic metabolism can be reduced by curare only in those
animals which were not used to the determination of the metabolism, but not in
animals which were used to them., Our animals, which went through a great
number of tests, must therefore be considered as used to these tests,

ITI  Magnesium feeding tests

In the second group of our tests we tested the changes of the basic meta-
bolism after long-term administration of Mg.

‘We selected 20 rats for our tests, In general the nérmal basic metabol-
ism was determined 10 times each in 2_hour tests, and we selected for the
. main test those four animals where the probable error (p.e.) of the mean value
(M) was less than 2%. The metabolism of these animals is sufficiently con-
stant to permit observation of the deviation.from the Qormal value. During
the entire tesf series the animals_were kept on McCallum's normal diet, which
we dosed exactly so that the animals received daily 7.5% of their body weight.
After'determining the normal basic metabolism, tﬁe animals were fed with Mg

and their basic metabolism was determined. To this end we made again ten



tests. After the completion of ten tests, the administration of Mg was
stopped and we observed for 5 weeks the return of the basic metabolism to
the normal value, making one determination a week.

We selected for our tests as test material a Mg gluconate-solution which
contained 5 mg pure Mg. The animals receiyed then 0.01 cc per g body weight
mixed into their normal diet. This way 0.05 mg pure Mg were fed daily per g
body weight,

The determinations were made in fhe identical manner as described above.
The results of our tests are compiled in table iI. The amounts of 02 and CO02
are expressed by a cc/h-kg number. The first ten tests showed the normal me-
tabolism, the second ten the metabolism during the Mg administration. The
mean value in these tests remained considerably under the norm. The signi-
ficant difference (K) calculated from thése average values and the probable
errors show actually a considerable difference, which exceeds 4 in all cases,
mostly even é. In five tests of the second group it could be shown that the
value of the basic metabolism returned to normal again after the feeding of
Mg was stopped.

IITI Sodium gluconate tests to test the acute effect

Basic metabolism tests made in connection with the administration of dif-
ferent sodium salts can be found in great number in the literature.

In dne'part of these tests an inﬁrease of the basic metabolism was oﬁserv-
ed, in another part a decrease, depending on which sodium compounds were used,
and how, in what dose and how long they were given. An increase of the basic
metabolism was observed by Loewy (1) and Raeder (2) after the administration
of Na2C02, by Loewy (3) after borax. The basic metabolism remained unchanged
after peroral administration of Na2C03 and NaCl; according to Leindoerfer (4)
it diminishes after Na3PO4 and according to Henriques (5) after long-term

‘intravenous injection of NaNO3 and Na2S04. 1In tests of the tissue metabolism,
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Myrhmann (6) observed on the frog leg a reduction of the oxidation after the
administration of NaCl, XC1, CéClZ, MgCl2. Other scientists, on the other
hand, found an increase of the basic metabolism after administration of the
Na-salts.,

The above mentioned results do not provide an answer, however, té the
question which were faised-by us. These tests were carried out everywhere
with salts containing inorganic ions; we thus have every reason to assume
thaé- apart from the size of the dose -~ the specific ion-effect of the anions
pPlays a role in the results. For this reason we made sodium gluconate the
subject of our tests, of which 0.05 mg per g body weight were injected in this
series of our tests,

we ﬁsed four rats each fo; our tests. 1In the first series we determined
the basic metabolism of the four animals in two hour tests, then we coqtinped
to determine the basic metabolism, for another 6 hours after the injection of
Na-gluconate. Our test results are compiled in table III.

According to these tests, the injection of Né-gluconate causes no major
changes in the basic métabolism. In the animals no. 16 and 17 the difference
is +7,5% and +7,3% resp. in animal no. 13 +3.1%, in no. 18 -1.6%. These dif-
ferences ;re minor and not clear and can thus not be considered as a major
change.

IV Sodium gluconate feeding tests

In this test series we determined the basic metabolism on four rats put
on & normal diet, in a test series each of ten individual testé, adding to
the diet Na-gluconate (0.05 mg Na per g and day) and we determined again in
ten tests the basic metabolism in the course of the gluconate feeding; fi-
nally we determined the further behavior of the basic metabolism after the
administration was stopped by making one test a week. According to the re-

sults compiled in table IV, the basic metabolism of the animals diminishes
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in the course of the Na-feeding. The statistical evaluation verifies the
accuracy of the results. A few weeks after the administration was stopped,
the basic metabolism returned again to the normal value.

V. Gluconate control

In connection with the basic metabolism-reducing effect of magnesium-
and sodiumlgluconate, the question arose whether the gluconate-ion did not
play a role in the reduction of the metabolism. In order to answer this
question, we made feeding control tests on two animals, with the same dose
of gluconic acid which had been combined Qith sodium and magnesium in the
preceding tests,
| According to table V, gluconic acid does not cause a substantial change
in the basic metabolism, which is also demonstrated by the low value of the
siénificant difference. ‘

It can therefore be concluded from the results of these tests that the
change in the basic metabolism following the long tefm administration of
magnesium~ and sodium gluconate is not caused by the gluconate, but by the
specific chemical action of the magnesium -~ and sodium ion.

Summary

1. After subcutaneous njection of Mg-gluconate, the O2-consumption in the rat
diminishes in the first 2 hours by 20 -~ 40%

2, After this effect has worn out, the 0O2-consumption increases in the major-
ity of animals by 5 - 20% above the normal value, in a smaller part the
values increase only up to the ﬁorm.

3. The increase of the metabolism after a single injection of Mg-gluconate
disappears completely after 6~7 hours.

4, After long-term peroral administration of Mg gluconate the basic metabolism

of the rat diminishes significantly by 10-15%.
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5. With the dose selected by us, 10-20 days are required until the effect
appears, which continues then for about 10-20 days.

6. After subcutaneous mhjection of Na-gluconate the basic metabolism of rats
does not show any substantial change.

7. After long-term peroral administration .of Na-gluconate the basic metabol-
ism diminishes significantly by 10 - 18%.

8. The reduction of the basic metabo;ism by sodium appears 2-3 weeks after
the administration and lasts then for 2-3 weeks.

9. After long-term peroral administration of‘gluconic acid there is no sub-
stantial change in the basic metabolism.

10. The reduction of the basic metabolism following the effect of magnesium-
or sodium gluconate is due to the ac;ion of the magnesium- and sodium ion,

(Translated by Carl Demrick Associates,Inc/IE/t)
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Die Wirkung von Alkalimetall-Tonen .
auf den Grundstotfwechsel.
Von ‘

N
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Ladislans Berta und Gustay Gyori. . .:
(Aus dem Rheuma- und Biderforschungs-Tn-titut der . Kurkommi.ion
" Budapest. ungegliedert dem Allgerueinen Puthologischen Institut der B :

Thniversitiie,)
(Eingcgurgen am 3, Norembir 11.)

BefaBBt man sich mit fen Wirkuneen der Heilwisser, so ergibt sich
die Frage, welchen Fiif'uB die<r Wiic<er nuf den Grundstoffwechsel
ausitben. Ut thre Gesamtwirkune zn erkennen. mull man zuerst die
ibrer einzeinen Tonen wesondort erforscien. [n dicser Arbeit berichten
wir liber unsere auf die Morgne um. umd Natriumwirkung beziiglichen
Untersuchungen, .

St e SEEN AR PR A X T o o

Versuche,” welche in un-erem institnt dinch Klicbert (T ansgetithre
wurden, beweisen. dule Kanivechén, weiche mit emnem magnesium- und -
natriumhaltigen Minetnlwasser sotrinkt woiden, auf eine Adrenalin-
injektion mit ciner Hvoreglykimie geringeren Girades und kiirzerer Dauer
reagieren als dic unb.handelten Kontrollen, Gleicheeitiz wird die bei Ver-
abreichung von Dextrose, vintretende Zuckerbolastmlgskurve viel héher, =
was durch eine bassere Anreicherung von Glykogen in der Leber erkiirt
werden kann. ' o

Auch Fruxies (8) Versuche weisen auf My-gluconatwirkunge Glvkowen-
gpeicherung in der Leber nuchi. Nach dezard und Faile (9) genugt eine
kleine Menge Magnesium zur U ravmderang des Blutzuckers. Dasselbe
beweixen awch die Versuche von Jdne wnd Ry (10). Klivbert (7) erkiirt
die bei seitun Yessuchen e bachtote Mg-Wirkung als eine Umstimmung
des veretntiven Nervensystenas n purtsympsthi-cher Richtung,

Auf Crund «iex Vorstehendeu rsehicn s interessanr, e Literatur von

P L R SN L)
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t 4 :
! dem Cesichtsprate sus z2u duchsichen, welchea Einflud ein para- e .
§ sympathiscin < Cherzewicht wd den  Grupsdstoifwecheel ausiibt. Nach ; : ’
' Labb: und  Rubinstein(il; vermindort ins parasytupethicomimetiscne z -
. Acetyleholin und ias Symputhicns lihmend: Yohimbin den Grundatofi. T
wechsel in glewcher Wese  Dineselhin Autoren sulien auch beim Frootamin =
: eine ahuiiche Wirkung, Nueh Or stinn (12) vermindert das Ersotamin ™ .
s ' . . .- . . - -
ebenfolls den Grundstoffwech=el und mit Adrenalin zugiaich geveben ver- -~ R
hindert es des-en ethihendo Wirkung, Alle diese Autoren stimmen in bezug T, . N
auf die den Crundstoifwecisei steasernde “Virkune dos Adrenalins iiberein ' k&
und bizeichnen die Wirkung von Atropin und Pilocarpin als zweiphasisch. L
. ' .
Auf Grund der erwihiten Alyruben miissen wir darauf schlieBen, :
daB bei Verabreichung von Magnesiumsalzen der Grundstoffwechsel ;
vermindert wird, wenn das Magnesium wirkiich eire in der parasym- ERS
pathischen Richtung erfolzende Verschichbung des vegetativen Gleich- o
. Bewichts des Organismus hervorruft. In bczug auf die Na-Wirkung : B
Biochemische Zeitschrift Band 311. . 6 .
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sind uns dhnliche Vorarheiten nieht besannt Wir verabreichten das
Mg und Nu in Gestalt ikror Glueon salze snter der Voraussetzung, daf
das Gluconat al: Anion sich indifferent verhil, e die Wirkunz des
Kations demzufolge mdglichst ungestort zur Gelrung kommt.

*  Die Versuche wurden in 7wei Gruppen eingeteilt: in der erster
beobachicten wir die auf ein.. elnmeiige Inj: tiom von Mg. bzw. Na-gin-
conat scfort eintrotende Gxumismffwechseivnn‘indorung. in der zweiten
dagegen die aui lingerda nernde My. bz, Na-glzromujﬁtterung
cintretenden spiteren Veranderungun.

Die Bestimmung dos “Grundstoffwechs. Is eriolgte zum Teil mi-
dem urspriinglichen Stcff\vc-vhseiapparat fiir Kleinticre von Beldi.
Tényi (13), zum Toil nitt der von Borgg angcrehenen Modifikat: .
desselben, welche in der vor chenden Arbeit gerau beschrieben wurd..

Unter den zur Untersu-hung verwenaeten 15 Sidick 160 bis 220 ¢
schweren normal eutwickelten, minniichon Ratten erwiesen sich z:
Stoffwechselversucaen vier Tiere als voilkommen geeignet. An diesen
fithrten wir zur Bestimmung des nermaien Urundstoffwechsels nach
16 —20stiindigem Hungern dreimai eine.y © Stunden daverna:n Versuch
aus. Nach den vorgenommeuen statistischen Berecunanzen waren die
Abweichurigen vom Mittel :iehr gering — die Fenler butragen 1/, ode-
3200 des Durchsehnitiswortes =, #0 dal die Zuverlissigkeit unsersr
Mittelwerte auBer allem Zweife! steht,

Um zu vermeiden. dat; qje saisonmd digen Verinderungen de:
Fiitterung den Grundstoffwech<el unserer Ratten beeinflussen, hieltar
wir sie auf einer gletvhbleibenden Didr, o "ne ans einrem Weizen.,
Gerste- und Maiszemusc, auberdsm aus Casdin uid Feit bestand, Zur
Deckung des Vituminoedarfs outiiel divse'he Butter nni Hefe, aix
erforderiiche Salz.neage das Saizeemiseh tach 35 Collum, Die Versuche
fithrter wir stets mit 16—20 Stunden lang hungernden Tieren aus,

L Magnesium-Versacie zuz riieng der akufen Wirkune.

In der nach‘siehemlcn Versuchsreibe injizierte:. wir 1.5—2.0 con
10 %%ize Mn;'nesium:.'unmm?!-‘i<m.g “ubcutar und bestimmten nack:
deren erubrei(-hl_mg & Stinden hindurch o *astiindigen Intervalien
den Grundstofiwechsei dos Ti-res. Bei aen Ratren N, 4. 10. 13 fithrien
wir je drei. bei Nr. 7 wezen Verendea des Tieres blo3 einen Versuch
in dieser Weise aus, o

Auf die Injektion von My sluecnar verringert sich der Grandstofi-

weehsel der Ratten Taiw i {. Diese Vermindernng erreicht ihren

simdien - den normaler:
auf 55-839 absinkt

Tiefpunit in der 3.~y hadier: Srunde. in dor

Qy-Verbruuch it 0620 anver immen = (giese:

o diufl wir cine Senkune vou 19 479 brobachten kiunen. Dicse

\'erring:-ruuu trit in jedep: Versuche ein, Daranf beginnt der Grund.-
stoffwechisel wicder 70 stelen vl erreiclit in ger 3.—-8. halben Stuneie
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84 L. Berta u. G. Gyéri:

.
das normale Niveau, manchmal erhebt er sich sogar noch dariber
um eich dann nach kleineren cder gréieren Schwanicungen auf «die
normale Hohe cinzustellen: in cine.n arderen Teile der Fille. wer.
bleibt er stindig auf dem normalen Niveau.

Die in dieser Versuchsreihe angewandte My-gluconatldsung kunn
in osmotischer Bezichuny vnrefiihir als physiol 'gische Lésuny angesehen
werden, Infore ihrer nllgemeiner nnyskaiiscken Wirkung lassen soiche
Salzldsungen den Grundstoifwechsel entweder unverdndert oder cr-
béhen ihn in ceringem Male. Eine Beodachtung, nach weicher der
Grundstoifwechsel phvsikalisch verkieipere wwird, ist im Schrifetum
itberhaupt nich: vorruiinden. weshalb unser Seinnd pur von der chemi-
schon Wirkung des Mg-giucorats herrithren kanr. i:as Glueonat ist
]cdnch wie Cies auch unsere spater 'mtqetonteu Versache bewelse:n,
ais orgamisches Anion ebenfails unwirksa:. so dew die L"urrhtcff
wechselvermir-erung do- My-3irkunw zuzusenreiben ist.

Tix Laufe unserer Versuche taueinte noch dor Gedanke auf. ob
die hicr beobachtete Wirkung nicks bial die Frige der narkotiscnen,
ricatiger cirschiifernden, herubigenden “Virkung des llagnesiums sei:

ies ist jedoch scion darum nicht wahrecneinlich. weil naen unsoren
Feobachtungen die Beweglichizeit der R2iten naca Einspritzang des
Magnesinms sich nicht dnderte. Wir woilen erwithren. éaB nach
Matthei und Butturini (14) bein: Kaninchen wenigstens & v kg Mg 30,
eine Narkose hervesruit, Dies: Menge eutspricnr, auf reines ie wm-
gerechnet, ungefihr 0%y dengeceniiber haben -vie nur 6,052 Me
argewandt. Vou dieser kleinen Lusis ist also eine narxotisches Wirkung
fickt anzunchmen. Beziiviich der anf gen ivrundstofiwachsel ausgadtitin
Wirkune der Narkotien wiren nueh Lee "Blilions (15} Versuche zu er-
wikner. nach denen C.03 ok sonmyidtbribariitursiure — aiso elie
sehr stark betiubende Dosis — e 3--1%°}; Verminuerung hervorruil.
0,60 —0.00 kg Lu_lhan aiso eheninil- eine v“ol‘e Dasis nur eine soiche
von weiiger als 1095, Die in unceren Virsucher: heohariitete Ver-

mirderung des Grundstofivechscis kann daher mib aer narketischen
Wirkung des Mg m«*ht erkifire werden.

Ir. ahnlichem Sinne sind auch die Versuche von Tangl und 37r-
zdr (16) zu verwer en. welene {anden. dad ier Grundstoffwechsel duren
Curre aur bei solchen Tieren gracnat werdea Jann, die an Stofiwech: -ol-
Lestimmungen nicht gewdhnt aaren. bei daran gewdhntea jedoch nient.
Unsere Tiere, welehe cine groge Zail von Versuchen durchmachten.
sind aiso als angewdhnt 2zu beirachten

il Maceesiens-Fiitds ‘runtjx"vmm-he.
In der zvwiten Grupre nnseeer Vessae hc priften wir die auf Grand
dauernder Mg -Verabreichiny vintretende Ver: inderung des Grundstoff-
wechsels.
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wirkunz von Alkalimetail.-Iunen auf den GCrundstoifwechsel. 85 t T

Fiir unscre Versuche wihiten wit 21 Ratten. Im allgemeinen be- R
stirunten wir e zeanmal in zweistirdiger Urn:iersuciuncsdauer den _' .
pormalen Grundsteiiwechsal der Tiere and witlier zam Haaptvzrmche
joue vier Tiere aus. “oi .denen de. wahrscheinlicne Fehler 'P. 5. des
Miteelwerzes ( M. kieiner als 2%, Jess-iben war. Der Sroifwechsel .-
solebor Tiere ist geniigerd ¢l ichrasic. um dic Abweichung vrim nor- :
milen Wert cerliBiich beotachten zi KOnLe:. Wikrend der ganzen
Versacasroihe hielten wir die There ani der Me. eilumsonen Normaldidt,
welche wir genau dosierien. 0 did i h 7.3°) ihres Rorper-

¢

Ve oW

o onsptmane T2

tiz Tiere tas

£ i

- gewivhis erhislten. Nach Teststeliunys ca2s normalen 1_',‘vrur.d5:bi;:~'e"_hselq = 3
wrden die Tiere mit Mo gefirterturd ‘e Grurdumsatz wieder be-tunmt. . : -

s R} - .y - - . - - -« 7 e .
Zu diesm Zweeke fishrten wir neuer.ich zean Versarac durek. Nacn S o

Xt %

Avsiuarung won zehn Versuchen steiiten wir die Me.Darreichurg ein
uul beobavhraten. wehentiich e eine Bestimmung vornehmend,
7 eh durch 3 Week=r dle Rilokkehr des Grardstoitwechsels zum nof:

_alen Wert.

Zuy unseren Versuchan wihlzen wir &is T ntersuchurgsmaterial

eins MMg.giievnanésing. welche ore com 3 mg reines Mg snthizit: die
;tea besamen aann o g Kormergewient tigliek f.el oem in die :
Normaldiat seriis it bel Jer wir den urspringiicnen Grundatofivecnsel
bestiramr Latren. Aul dlese Weise wurden a'so tigiich pro g Rorper- T : % R
. gewicht 0,68 m& reines Mo verabreicht. - S R S M L K

Die Bestimmmrgen fahrien wir in volkommen leiener Weise
wie otwz aus. DLie Triebuirse  un-eter Tni-rsuchungen sad io
Tabelle T angeiiihor, Die 0;- und - Memee driickten wir dareh die
cor iSmrdon-ke-Zahl aus. Dic orsien zoLa Versuche zeigen coem nOr-
malen Siotfwechse!l. dle nweilen zohn cen Steffwa.nsel wihrend der
Mo.Verabic'munz, Der Mirtelwer: et icsn inesuonen tiieb bedeutend
. weer dem Normalen, Die aus diesen Tourehschnittszabien wnd den
; w hrscheiniichen Iehlern errechnese sicniilkante Differens (R zeigt
tat<d hlich eirer bedentenden Trterschicd, dessen Wer? fizerall tber . ; VO -
iicistens sogar uter 8 betrigt. In je finf Versuchern der dritteu LT _ -
Vapsuchsgruppe nonate pachoewesen swergen, dald nach Einsteilun : '
aer Mz-Verabfu!gung der Wert des Grundstoffwechsels wieder zurl
Norn: zuriickkebrt.

1L Natriumcluconatversuche zur Priifung der akuten wirkang. :

In Zusammerhang mit d¢r YVerabrechung von versehicGenen
Natriumsa'zen ausgefihrie G:ur.dswff\\'vcha-'.umersuci:um_:en aind in o ! ‘ :
Ger Literatur in groSer Zakl zu {inden. - e - )

tn einem Teile desor Unterstehunen wurde e ¥rhotung, tn einem
Mraderer etne Vermn ferung de= Grundstotfwer nseis bechuchzet, ie cacndam,
wen b N arriwcnverbindungen. i welotar Weise, in weliher Dpsis und wie

bunpe sie angewnnude wurden. Eine trhchung des Qrun&‘ufiwn.i'hs"ls beob-
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Wirkung von Alkalimetall-Tonen auf den Crundstoffwechsel. 87

achteten Loewy (1) und Rader (2) auf die Wirkung von Nu,CO,. Loewy 3)
suf Boraxwirkung. Unverandert bleibt der Grundstoffwechsel auf perorale
Verabreichung von Na,CO, und NaCl, nach Leinudirfer (4) vermindert
er sich auf Na,PO, und nach Henriques (3) auf dauernde intravensse
Verabfolgung von NaNO, und Na,50,. In Gewebsstoffwechselunter-
suchungen beobachtete Myrhmann (6) am Frosch<chenkel auf die Wirkung
von NaCl, KCl, CaCl,, MgCL eine Verminderung der Oxvdation. Thm
gegeniiber fanden andere Untersucher auf Wirkung der Na-Salze eine
Erh6ohung des Grundstoffwechsels.

Die erwibnten Ergebnisse geben jedoch keine Antwort auf die
Frage, die wir uns vorgelegt hatten. Diese Versuche wurden iiberall
mit anorganische Anionen enthaltenden Salzen ausgefulirt; wir haben
alsa alle Ursache anzunehmen. da8 in die Ergebnisse — abgeschen von
der Grélie der Dosis — auch die spezifische Tonenwirkung der Anionen
hineinspielt. Deshalb machten wir zum Gewenstande unserer Unter-
suchung das Natriumgluconat, von dem wir in dieser Reihe unserer
Versuche pro g Korpergewicht 0,05 me injizierten.

Zu unseren Versuchen verwandten wir je vier Ratten. In der ersten

{ “ersuchsreihe bestimmten wir den Grundstoffwechse! der vier Tiere

o zweistiindigen Versuchen, dann fithrten wir nach der Injektion
von Na-gluconat die Grundstoffwechsclbestimmungen durch weitere
6 Stunden aus. Unsere Versuchsersebnisse stellen wir in Tabeile [TI
zusammen,

Nach diesen Versuchen bringt die Na-gluconatinjektion im Grund.-
stoffwechsel keine groBeren Verinderungen zustande. Bei den Tieren
Nr. 16 und 17 betrigt der Unterschied + 7.59% bzw. = 739 beim
Tier Nr.13 -+ 3.19, bei Nr.1§ — 1.69,. Dicse Unterschiede sind
reringfiigig und nicht eindeutig. also nicht als bedeutende Verinderung
zu’ betrachten.

IV, Nuh'iﬁlngluconat-Fiittcmngsversuche.

In dieser Versuchsreihe bestimmten wir bei vier auf normale Diit
gesetzten Tieren den Grundstoffwechsel in je einer Versuchsreike von
2ehn einzeinen Versuchen, fiigten danach zur Diiit Na-gluconat (0,05 mg
Yatrium pro g und Tag) hinzu und bestimmten in neuerlichen zehn
Versuchen im Laufe der Gluconatfiitterung den Grundstoffwechsel;
endlich stellten wir nach Beendigung der Verabfolgung mittels je einer
Untersuchung wochentlich das weitere Verhalten des Grundstoffwechsels
fest. Nach den in der Tabelle IV angefithrter Freebnissen vermindert
sich der Grundstoffwechsel der Tiere im Laufe der Na-Fiitterung. Die
statistische Auswertung sichert die Richtigkeit der Ergebnisse. Einige
Wochen nach Einstc llung der Verabreichung kehrte der Grundstoff.
Wechsel wieder auf den normalen Wert zuriick.
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L. Berta u. G. Gyori:

Tabelle III.

i ' fi : f Nach der \nnumg'ucom\t -lajektion
Tler ‘ i N mul-me‘p {n dea einander folgenden Stundea
NXr. A i: -
i \' 1. s«.u 2'”""5 uj ! 1—2 l 23 I. 3~ | =S 5—8
1 i t b i
0, 1130 | 1144w 11162 !m:u !,1067 L1030 | 1142
€O, i 861 | BAT, 8§57 . 820 | T 57 | W6 L4
18 5 0, '135 112 nds gl 1150 | 1008 | 1180 | 1160
co, ; susg s0; S15 | 835 | 18 | 756 | 844 | 8I
| 0, " 11081128 1133 | 1115 | 1190 4112 | 1114 | 1134
| €O, i 777 811" 8N | ave ! 7us | 801 . 74 | 798
0, 1038 1123, 1257 | 1246 11378 1187 | 1812 ' 1359
: Cl, | 899 09, 399 . 901 . 978 , 837 909 ' 978 -
6 4 0, Piwi|i2msyse 1203 1271 a2im 196 11209
CO, ' 907, Gi6° 983 , 957 | 805 D i 906 914
0, 112711111} 1431 [ 1375 132y 113 ; 1323 !1"’65
] __c_q,__ | gy4 | 85 1617 | 906 | 978 '1000 ' 1080 | 897
0, 1043 | 1008 1 1000 | 1014 | 1047 T1005 | 1046 ]1047
¢O, | 767 726, 700 | 2 | 757 | WS | M2 | M
yi | 0, T1008 ! 1009 1065 {1025 |1e22 | 9oL jaooe ! 1028
. €0y | wai 726 757 ; 780 | 716 1 738 | 333 . 73
| @, ;1061 1066 ;1047 | 1144 11097 11127 | 125 | 1124
| co, e' 795 7000 734 | 793 | 784 7Y s | 798
0, & 1188 | 125 - 1156 | 1191 | 1188 11230 P ] 1218
cd, ,| R19 | 645 Si0 | 834 . K22 | 831 | BI6 | 828
18 1§ O, 028 | 1052 " 1na0 | 1057 Pawa | uien |11 * 1110
- co.'l 801! 775 16 | 772 | 803 4 832 | SM4 | 879
0, L1186 ] 1070 1102 11082 1040 1109 4 108 bine
o, | 807, ;¢ air | A . w7 o 78 | w3 | 81
M {V 0o, | 1119 k116l | 1152 {1157 P1138 | 1162 | 1165
Hooeely €O, :‘ix 816 | 836 | sz:: | 820 | 810 | 829 830
P.E t 0, " 108 ; 239l 26| 223 195 17 18,8
By co, © 80 F 133 133 153, 185] 171] 148
K.t O y i el sl 1 gl oaaf 21
<ol €0y " Y3 o0& 02 oA 07| 08
i i . | .

Im Zusammenhang mit

V. ¢ -luwaatkonlrolle.

Wirkung des Magnesium- L.w.
ob bei der Verringeruny des Sto.

mitspicle. Zur Fe
Fiitterunys-Kontrollve
dosis, welche in den vorste
* bzw. Natriwm gebunden war.

statellune diese

-ler den Grundstoffwechsel vermmdemden

Natriumgluconats ergab sich die Frage,

fwechsels nicht sue ‘h das Gluconat-Ton
r Frage fibrten wir an zwei Ticren
rsuche aus, und zwar mit derselben Gluconsdure-
henden Untersuchungen an Magnesium

—-av— -
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f 1 . .. Tabelle V.
: \\_-‘ Tler Nr.v ;;- 8 ;i— - N _9
vesucha-Nr. "=~ 1 O . cu, | 0, T co,
- == 5'— T - i ] (1! el __'—" -
L) uey | w0 | ws o
1. A - B | e 40
ni. 4 . 1176 ! 840 ! 99) : 820
1v. Iomex o s 1022 ;40
- V. i Normal- 1140 : 80 1 1045 | 828
VI ¢ werse | ms 0 9w Ul 754
ViIL i 1054 . 0959 | 993 } 718
: VIIL I 11868 : 929 i 100 | %0
- IX. i 145 e o9y | 893
b X. i 163 850 ., 1041 | 761
Myoorineireeneennn | 17T 0 S8 Ioiwem S, 98
P gy oovrenneenenns b6 ws to9e1r i 18
. L j oo tooae 4 8% | om
; 1. i 1214 | 101z A 967 : 809
’ 11l ’ \ 1043 : 313 i 1074 ‘L 55
U | wabeend 1 05 0 s B e 1T e
J V. \ Gl‘_‘f" o2 %0 984 Tii
v (G oowes . w 1178 y2¢
VIL | itterang ¢ 130 f 844 w8 o 51
\018 ang g7 g2y 1150 825
i IX. i 1083 ' 359 il 1032 ' 732
4 X i e ! o8e oy e o T8
§ Moourreienannn s ion;y . 866 - 1030 ' 7%
iy P Eogy cocovnnnceees 1 163 ,oews 22 ! 16,8
a Koeorevenrianeeanens AT SR R ¥ A = 1 i 0,13
g _ Nach Tabelle V' bringt dic Lweousiure kelne wesentliche Ver-
| 21 ‘inderung im Crurdstofiweeissl must .nde, way auch der goeringe Wert
' der signifikanter. Differanz hewrist '
Ausden Ergebuissen dieser Versuche kuan daber cexchlossen werden,
¢ daB dic auf dauernde Verabiblywag von Mugnesiua. bzw. Natrinm-
Uy gluconat cintretende G randstofiweck s lverminderung nicht dem Glu-
i :‘3 conat. sondern der spezifiscd chomisehan Witkung des Muagnesium-
" bzw. Natrium-Ions zaznschreibon ist.
3
; ;" Zasamme: tussung.
| 3w

1. Auf scheutans Injektion von My-gluconat  vermindret sich
bei der Ratte der O,-Verbrauch in den ersten 2 Stunden um 20—40%.

9. Nach dem Abklingen dicser Wirkung trit: im Cq-Verbrauch
der Tiere in drr Melirzah! der Yille eine Erhélmng von 5--20 %, itber
den normalen Wert ein, in ernem kleinerea Toile der Yilie steigen die
Werie nur bia zur Norm.

3. Die durch cine einma’ige injektion des Mg- duconals eintretende
Stoffwechselsteigerung klingt in 6 -7 Stunden villstindig ab.
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Wirkung von Alkaliznetnll-Tonen suf den Grundstoffwechrel. 1) G . 54 .__3
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R 4. Bei dauernder peroraler Verabreichung von Mg.gluconat sinkt - - .-»,Z":
der Grundstoffwechsel der Raften signifikant um 10—15%. ) __{’_*ﬁ"‘-

O

5. Bis zum Eintreten der Wirkung sind im Falle der von uns ge-

4
GO IY

dann noch 2-3 Wochen an.

. nach der Verabfolgung ein und dauert
(Hluconsiure kommt

o. Auf dauernde perorale Verabreichung ven
. keine wesentliche Stoffwechselverinderung zustande.
Voo 10. Die auf die Wirkung des Magnesium- bzw. Natriumgluconats

0>

ot eintretende Grundstuffwechselverminderung ist der Wirkung des
. Magnesium- bzw. Natrinm-Ions znzuschreiben.
" \
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F wiihiten Dosis 10—20 Tage erforderlich, dieselbe halt dann ungefahr L

- 10—20 Tage an. . . l:i

LK 6. Auf subcutane Injektion von Na-gluconat zeigt der Grundstoff- Y 4

' wechsel von Ratten keine wesentliche Veranderung. . . : et 2
. 7. Auf dauernde perorale Verabfolgung von Na.gluconat ver- .. .q—‘-;ﬁ‘ jon
mindert sich der Grundstofiwechsel signifikant um 10—18%. : C . ‘;{-.“;..:d;.r

8. Die Stoifwechselverminderuny des Natriums tritt 2—3 Wochen <8 "—rxz‘
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" C. THE EFFECTS OF THE INJECTION OF R
: CERTAIN SALTS ON THE CALCIUM, MAG- IR
nts i NESIUM AND INORGANIC PHOSPHORUS |
- The | OF THE SERUM OF THE RABBIT.

i BY RONALD WINSTON RROOKFIELD,
sy o From the Department of Biochemistry, University of Liverpool. -
A : , (Received March Ist, 1934.) :
stitae ¥ ErookFiprp [1933] showed that in the serum of the rabbit there was an inverse '
0 the g celtionship between caleinm and magnesium, a direet relationship between .
t mamnesinn and inorganic phosphorus and an inverse relationship between '
¢ caleium and inorganie phosphorns, the latter of whiclt had been previonsly S
3 ciserved by Dopré and Semeonoft | 19317 and Bourne and Camphell [1932]. The Cins
; nees and falls in the concentrations of the three ions in the serum were corvelated el
) with their relative amounts in the diet. The relationships scemed worthy of » CoR
Inrther study under other ex perimental conditions, in order to determine whether : RS
f the effeets observed with dicts vaeying in their mineral contents were of more
') weneral significance, and accordingly another series of experiments has been
! carrvied out. ;
Solutions of salts containing Catt Mo+t and 1°0 ¢y ions hiave been injected sub- S
f eutancously into rabbits and their cficets on the caleium, magnesium and ‘
5 murganic phosphorus of the serum observed. '
} L
; EXTERIMENTALL. ¢
i Fxperiments were made on fully grown male rabbits maintained on a diet of
f eabbiage and oats, which (with one exception) had fasted for about 18 hours.
i Caleium gluconate, lacvulate and lactate, magnesium stlphate and laetate and .
: i disodium hydrogen phosphate were the salts employed, while control experi- ,
; ments were carvied out with sodium chloride and sodium sulphate. The salts, ‘ e
: dissolved in the minimum volume of waler, were injeeted subeutancously into 5 T
, . the flank. 5 ml. of blood were withdranwn from the lateral vessel of the car '
immiediately before the injection and on three separate oceasions afterwards,
i The effects were observed over periods varying from 1) to 6 hours, 'Flhe methods
¢ of estimating ealeinm, magnesium and inorganie phosphorus were the same as > !
f those nsed in {he dictary experiments | Brookticld, 1933). . o
: The influenee of two factors called for control before the results of the experi- o
) ments conld b interpreted; firstly, the effeets of four small haemorrhases '
¢ reewring al relatively short intervals and sccondly, the elfects of the injection :
y ot solution of an indifferent salt. '
i i L The offiets of bleading. (a) Sueeessive small haemorrhages. 5 ml. of hlood
3 Were removed (rom o rabbit four times at. half-hourly iutervals; 9 days later T
ﬂu- same procedure was repeated, it at hourly intervals and aftor a further o
¥ “2days the animal was bled again, this time at 2-hourly intervals. In the _ i
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first experiment (he haemoglobin pereentage was unaltered a4 the foupy,
bleeding: in the other two experiments o fall of 8 97 way noted. The wepyy,,.
caleium, magnesimn and inorganic phosphorns values are recorded in Paple |
Table 1. Serum-caleinm, magnesinm and inorganic phosphorus.
Nmall havmorrhayes at shory inlereals,
Rabbit 20, Weight 2010 ¢, 4 bleedings of 5 ml, on cach oceasion, '
Inoreanie
Caleinm Magnesium phoxphorus
myg UK ml, mg oo ml, myg. i Lo ml,
$-howrly intervals
1635 1-052
15-70 1-644
15:15 1507 ’
. 1495 1-500)
L-hourly intervals }
2886 4-382
2-886 4382
2904 4702
2-749 404 ;
2-hourly intervals -
13-53 3615 3750
1353 Bean2 RRIXTH
1:3-90 3357 4524
13-67 3204 4G54

It will be seen that the magnesinm value tends to fall, but at a very slow rate,
The caleinm figures show variable results, depending on the time inter al. The
four bleedings at hulf-huurl:\' intervals have cansed g fall of 1-6 my. (o e,
Hourly bleedings eause a slighter fall (+“,) and 2-hourly HMeedings none. A fall
in the inorganic phosphorus followed by a rise after one hour results from blewd-
ing at intervals of half an hour, while with hourly or 2-hourly bleedings the
inorganie phosphorus rises, . g
by Progiessive changes o nring a single haemorrhage. The rapidity with which '

the fall in the serum-caleinm takes pluce is illustrated by the results recorded in ;
Table 1. : i
. ;
Table 11 Serum-caléium and magnesivm values during bleeding. Blood i
laken in o samples of 3 ml. each. .
1
Rabbit Caletum Magnesium ’
no. Time of bleeding mg./f0 ml, mg. /100 ml, %
19 15:28 f-722 ’
L4-44 1-644
21 15:7; 1895 ;
1-886 ¥
19 1005 110 1407 :
TRINTRTY 1-896G ;
20 115 -1 1.25 1963 !
’ L2510 1-951 ;
; . . . : i
- Bach animal was submitted (o a single hacmorrhage and the blood collected in ;
two successive 5l simples. 1y onge experiment where the time of hleeding ;
was rather prolonged, a fall of O-5 Mg (690) was noted. The offeets of hacmor- :
rhaygres on the Serum-cideinm of sabhigy have heen relermed to by several writers.
Adecrcase of 10 o OF more his heen reported when observations have been maide
. §
i

.
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3
h % at a short interval after the haemorrhage by St ansky [1915], Clark [,
. sewart and Percival [1927] and Culhane [1927]. Seven hours after bleeding,
¢ < Aorita | 1925] found 2 slicht and inconstant decrease in the scrum-caleinm value.
A\ fall in the magnesinn also wits noted by Stransky. These results show that the

P

¢ ariations in the concentrat ions of ealeinm. magnesium and inorganice phosphorus

cansed by bleeding are so slight as to have Jitthe or no sienificanee in the inter-
: Im-nuinnnl'tlw findings in the injection experiments, which will now be discussed.
i o The offcets of the injeelion of an indifferent sall, Sodium ehloride was in-
jeetend inan amount somewhat in excess of those of the other salts employed.
The results are recorded in Table THL

s

Table 111, Tnjection of sodium ehloride. Serwm-caleinm,
maynesinm and inorganic phosphorus ralucs.

Rahbit 24, Weight 2300 g, 5 mL Dleedings. Fasting.

K Time alter [norganie
4 injection Caleium Magnesium phosphorus
; (hours) my./ 100 mi, me 100 ml, /100 ml.
§ 0 1324 TR 3-820
: 0-36 g. NaCl (0-0062 g, cquivalent per kg in ml. water injeeted subcutancously).
N ' ] 1320 2806 4151 .
5 1 1267 2726 RN '
i 4 13-06 2057 3701
, There is o slight fall in all three constitiients after one hour with a tendeney on
‘;“‘- i the part of the caleium and inorganie phosphorus to return to their initial values
e . after 4 hours. These changes are unimportant in comparizon with the results
"_..)f\ 3 w hich follow, and they show that probably any effect observed in the injection of :
tal, ‘ calls containing Catd, Mg 7 or PO was to he alt vibuted 1o theseions themselves,
ol : “ 8. The injection of solufions containing the Cav, Mg+, PO~ and SO, fons, s
the ) Anattempt was made, in cach case, to introduee an amount of salt suflicient to :
. ¢ cnse o mavked effeet on the several Dlood-constituents nnder review without '
'"_'" } producing untoward symptoms. The suceess achieved was only partial. No E
Fin ; svmptoms were noted after the injection of the caleium soltx. Slight ataxia of the
; Bimd-limbs vesulted from the injection of magnesinm sulphate and lactate.
; Detinitely toxie effeets were observed however with disodium phosphate and .
| soclium sulphate. In both cases there was some degree of eollapse after the
. i injeetion. The animal injeeted with disodium phosphate showed marked mus-
: culae twitehing but ultimately recovered. The animal which reecived sodium o
' -ulphate was found dead 2 days later. No urine was passed during the period of . /
) : any of the experiments exeept by the rabbit which reccived sodium sulphate. :
' Nune of the animals suffered from diarrhoca. ’ !
i 4
: i Results. '
:
‘ For purposes of comparison the amounts of the salis have been expressed as .
. ¢oequivalents per kg, body weight. The results of the injeetions of the caleium . -
‘ 11 s are set ond inFable 1V, of the magnesiom saltsin Table V, of sodinm sulphate
~(Il_ in ; i Table V1 and of disodinm phosphate in Table VI ' :
iny

L Mhe interrelations of ealeiane and nregresiiane. In each of the Fexperiments
mors 3 shore caleium salts have been injeeted approximately cquivident amounts of

'“"";' caleig have been given. A moderate inerease in the serum-ealeium has been
it the result, amonnting on the average to 3-0mg. or 23 9, ol the initial value,

g d T
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Phe vise Lo the maximum takes place within one hour and is followed by an
almost equally vapid Tall. The rise in the serum-caleiim is accompanied by a
progressive il in the copnm-magnesian. In the ease of the injection of ealeium
gluconate, there may be s <Jow return towards normal at 6 hours, 'The average
fall amonnts to 1-0 mg.or 47 o4 of the initial value though it should be noted that
in 3 of the experiments (Table 1V) the falb appears still to be continuing at the
time of the final obser ration,

Table 1V. Injection of caleinm salts. Serum-calciwm, magnesivm
and inorganic phosphorns ralucs,

Time alter Tnorgnnic
injeetion Caleinm Magnesium - phosphorus
Salt injeeted (hours) mig /1600 ml, g 100 ml. mg /100w,
Rabbit 19, 2520, (iluconate L 1317 24840 3720
Fasting (0-6 2. Sr-N2Y g, I -3 18946 3861
equiv, Ca/kg. 2 1101 10400 4106
6 182 1-7A8 4-152
Rabhit 23, 2000 g, Gluconate 0 3001 44826
Fasting (075 . (-0 g 4 2007 70
equiv, Ca kg, | 2-007 4604
il 1-8006 4500
Rabhit 23, 2200 g« Lacvulate 0 HEITRY 4252
1"asting : (06 g, < 0-OURY ¢, ) 2643 SO0
equiv. Cn/ke.) K 2136 -
21 1-860 —
Rabbit 23. 2170 g. factade 0 2332 2077
{rasting (046 g, 70N (XNIN 3 1-902 3106
eqquiv, Ca/ ke [ 1-620 2427
2 IoH 3247

Though the magnesinm salts have heen injected in amounts cquivalent to
{hose of calcium the cffeets have been considerably greater. The rise in the
SCPUNT-MEENeSinm averages 56 me. over the initial value, ay compared with a
rise of 3:0 mg. in the caleium value eatsed by injections of corresponding amounts
of caleium salts. This rise takes place rapidly but is more sustained than in the
case of caleinnm, and it is clear that cither the rate of ahsorption of magnesium salts
is much less rapid than that of caleinm salts, or alternatively and more probably

Table V. Injection of magnesiwm salls. Serwm-calcium, magnesium
and inorganic phosphorus values.

Time after Tnorganic

injection Calcium Magmesiam  phosphorus

Salt injeeted (hours) mg./100 ml mg./160 mi,  my./iowwl
Rahbit 19, 2680 g, Sulphate 0 1469 2-104 2.779
IPed with eabhage  (0-37 w20 g, by [ JRR# 8-078 2-081
and ouls cquiv. My/ky) 1} 1074 8208 1-RU0
: 43 1:3-31 RYRA] $-050
Rabbit 25, 2700 g, Laelate [§ 12-62 2318 RUTH
IPasting C(OeRT g 0] g 1 V185 6726 HBU
erpiv. Mg/k) 13 10-51 74066 R
B 1061 833 . debOS

that the removal of excess magnesium from blood is much less readily aecom
plished. Where maguesium suiphate his heen injected (Table V) the serunt-
pagnesinn i :Lppmau-hing {he normal valne after 5 hours, but ab the same
interval after the “injection ol the eqnivident, amount: ol magnesinm lactate
(Table V) the SOFUIL-TELEnResiung s nearly 33 times greater than the initinl value.
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SRR
Can ; These inereases in the magnesiam concentration have rvsult,‘w] in a marked fall
Won . i the ealeitm 'ul.uu in every vxp(,-rum!n_l‘. ’i““T; f:l-”'ll-l .(filvl('lllln h:l:‘& ll('(‘l.l more
um papied and greater i extent (-0 . or :.!'4 "f{‘, of t‘lu-ﬁ initind vu,l.uv), 'lnlln\vm.g the
e ) mjection of magnesim sulphnl(t (‘Table V). l!m (-u,lf-uun \':'lll.l(t in tlm.vx|wrnn'vnt
“hat ;. l;nppl'()il-chill}_‘: the inttinl level after 6 hours, Following the injection of magnesinm
the jfutate the serum-magnesium continues at a high level for a considersble time
. aned there is a correspondingly profonged depression of the serum-calcium, which
; Ster 3 hours is still at the low level of 106 mg.
The inverse relationship found to exist between calecium and magnesium in
e dictary experinents is therefore borne out by the results of these sub-
i : L utaneous injections of caleium and magnesium salts.
s ¥ Previous observations of the elfeets of the injection of caleiun and magnesimn X
rml. ! s on the caleium and maguesivm content ot serum are {fragmentary and in :
' ' come cases conllicting. Salvesen el af. 1924, 2] found that the magnesinn cou-
.‘; vt of the blood of dogs was depressed by the intravenous injecetion of caleinm
2 ! loride. Stransky [1913] and Meneghetti [1927] observed a fall in the serum-
B ’ caleivm of rabbits after the injection of magnesium sulphate, the latter worker
. 4 alwo showing that the diffusible ealcinm was tnercased. A number of observers
: k have shown that the injecetion ol magnesium salts leads to an inerease in the
N valeium exerction and viee versa. Thus Mendel and Benedicet 1909 found that
“ the injection of caleiim chlovide into dogs and rabbits led to loss ol magnesium,
while the injection ol magnesiune sulphate and chloride incrcased the exeretion
§ of caleium.  Greenwald and Gross [1923] noted a temporary inercase in the
-NT, everetion of magnesinm in dogs injected with caleium chloride. Alter introduc-
R v ing metallic magnesium under the skin of rabbits, Reding and Slosse [1923] noted
] ) 1 eonsiderable increase in the output of ealeium, and loss of calcium was also

ehaerved by Sehifl [1920] and by Schiff and Stransky [1920] in infants injected
at t{ \ ] with magnesim sulphate. While o fall in the serim-ealcinm, accompanied hy an

! I“ werensed exerction of caleinmy, was noted by Pribl {1929) in rabbits after the
i "" mjection of magnesium sulphate, o rise in the serum-caleiung value with caleinm
'":‘I 2 i setention following the injection of magnesium lactate was reported. Condo-
1 the

ellits (1926 lindings are also at variance with those recorded above, in that he
albserved a considerable clevation of the serum-magnesium following the in.
jretion of caleium Jactate into rabbits. ,

2. The cffects of the sulphate ion. One possible complicating cffect in the

csalts

nably

[

i experiment with magnesinm sulphate is the presence of the sulphate ion, for the
full in ihe caleium value was less when magnesium was introduced as the lactate.
sanie Ninee the injection of phosphate depresses the serum-caleium it was possible that
iy : the injection of sulphate might have had a similar elicet, and this was controlled
1 nl. . > . . . o . . .
oy ) i an experiment in which sodiam sulphate was injeeted in amount cquivalent to
v<d twice that of the magnesium sulphate used. Table VI shows that this has
o i
TH ", ] . . - - . .
~ - Hable VI Injection of sodium sulphate (140 g. Na.SO,, 1011.0=0-006 g. equiv.
'::,'; : Nujly). Serum-caleium, magnesium and tnorganic phosphorus values.
K ' . . . - A .
,,.,_:; . Rabbit 23. Weight 2500 g, Fasting,  * -
l ) Time after Inorganic .
reon- : injection Caleium Muagnesium phospliorus
erum- (hours) my. /100 ml: mg.; 100 i, g 100 ml,
s E 0 1134 4700
et 5 352 Bebh
-ahue 13 1220 d-1on
vivHe. 4 1120 3072
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resulted in a considerable fall in the serume-caleium but one different in charvacter
from that caused by the injection of magnesium sulphate, The fall is much nore
gradual, and although still continuing at the time of the last observation, 4 hours
after the injeetion, is less than that produced by half the equivalent amount of
magnesium sulphate (Table V). It is of interest that Stransky [1915] found a
much inercased eateinm exeretion after the injection of sadium sulphate into g
rabbit. Table VI shows that while sodinnesulphate has no effect on the seram.
magnesium, the serum-inorganic phosphorus is depressed by -6 mg. (34 %) to
rise again alter one el three guarter hours, when it moves in a direction opposite
to that of caleium,

3. The interrclations of caleinm and inorganic phosphorus. The changes in the
serum-inorganie phosphorus atter the injection of the three caleium salts (Table
1V) are so slight that it appears that injected caleium has no divect effect on the
inorganic phosphorus. When, however, disodium phosphate is injected there is an
immediate fall in the serume-caleinm (Table VI, In this experiment the phos

Table VL. Iujection of disodivm hydrogen phosphate (0-57 . Na [ IPO,, 12H.0=
0-0047 ¢. equiv. Plly.). Serwm-caleinm, magnesium and inorganic phosphorus
valucs.

Rabbit 19, Weight 2300 g. 5 ml bleedings. Fasting.
Time after Inorganie

injeetion Caleium Magnesium phosphorus
(hours) e /100 il mg./ 100 mi, my./ 100 ml

0 1297 25200 4121

1 1139 2-308 10-01

2 10:74 2423 10-51

phate was injected in amount equivalent to 1-5 times the amounts of the salts
used for the ealcinm injections. The vise in the serum-inorganic phosphorus was
rapid and rélatively prolonged: at the end of one hour it was 59 mg. (140 %)
above the initial value, and at 2 hours was at a slightly higher level. At the same
interval alter the injection, the serum-calcium had fallen by 2-2 mg. or 17 Ve
Samples were unobtainable after 2 hours owing to the collapsed state of the
animal. .

From these results it is plain that the inverse relationship between the
calcium and inorganic phosphorus of serum observed in the dictary experiments
is only partially maintained when caleium or phosphate is injected. The results of
the injection of phosphate are in accord with the dictary experiments inasmuch
as the serum-calcium falls as the inorganic phosphorus rises. Several previous
workers have reported a depression of the serum-calcium on injeeting phasphate.
Binger {1917} produced o fall of the serum-calcium to 6 mg. /100 ml. with the
development of tetany by injecting dogs intravenously with disodinm phosphate.
Tisdall {1922 repeated his experiments with asimilar effect, while Salvesen et al.
F1924, 1] obtained the same results when phosphates, were administered orally.

The ealeium thus displiced from the sernm is apparently largely exereted sinee
Cireenwadd and Gross | 1923 Tound avise in the calcium exeretion in dogs after the
injection of neutral sodinm phosphate, while Boyd of al. 119301 observed, in
addition to a Gl in the serume-caleinm, an inereased urinary exeretion of caleiun
after injecting sodium glyeerophosphate info the same animals.

«In the present investigation injection of caleimm has produced no definite fall
in the seenm-inorganic phosphorns, so thad in this respect there is no effect
analogous to the inverse relationship of the dictary experiments, The results of
other workers are somewhat, variable, Bomskov [1930] found that o fall in the
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e, : Swgganie phosphorns followed the injection of ealeium gluconate into rabbits.
haracter <vesen o el 1920, 2] and Collip 11926], using dows, reported o small rise in
el mor. \n‘ \mnruuni(' phosphorus value on injecting ealeinm chlovide. Condorelli 11926}
4 ]"""\. .",',',,,,| a greater vise in the rabbit injeeted with caleium lactate. Greville Ay
mount ‘!I arned lh: inorganic phosphorus of the serum of two rabbil s slightly elevated after
s mf""‘ A . v miravenous injection of caleinm lacvalate, while Apitzsch [ 1931} observed
;::;v_\.:":.:;:':f ;'_‘.t the sa-rl'un-inf>rg:|‘|}i(- l)'l()H])ll()l‘ll’.\"()f Iman .s'ulnjv('t.\'.\\'.-tf raised after the oral
B4 simunatration of caleium l.zu-tn.t(-. Ihus.llu- bidance ol (-\'ulvm:v stgyests that
O “tere is no disappearanee of phosphoras from the blood, though it is noteworthy
Fopposite ot treenwald and Gross 19253 ] Tound an inereased exeretion of phosphorus in
s i the e .Iu’«_r' .’IH.(‘I‘ the |n:|(~ctv|m‘| ol (':l|(‘l.l|lll chlnr'ulv. ) . '
Its (Tabl o ! ./Iu' {nlrrrr*lul.ums 'n‘/ MRS l'I)N[ inorganic plm.x‘p{un'ux. l"n“nwmg the
wton the . crection of mitgnesitn ( lu!»l«- \ ) there isacfallin the h‘(‘l'lln.l-)ll::?l'g:llll(' p.lm.s‘])hm‘us'
here is an Snonnting, ulhj‘ the |||.|~(-vt|n|'| ‘ul the sufphate to 09 my. (.3:._ ) u.m_l.uft(-r that of
the phos. dhe lnetate to O3 my. (!.) o). The HHIH(‘\\:]HIL;_"l'('«'l((‘]" cffect of nagnesium :wnlnlm,(v.
t i pessibly aceonnted for l')‘\' the synergic action of the sulpbuhs 1on whiclh itself
1200 Baweers the serum-inorginic |1||(v)s|)hn|'u.\' {Table \l,),‘ It will be seen that the
hosphorus ; tprelion ol p'hnsplmt(- (lfllflv \ ) m‘uls(\d‘nn appreciable r~h.un;:0 in the serum-
3 smnesiuny, just as the injeetion of caleium caused no effeet, on Lhe serum-
: morganie phosphorus. These results are not in aceord with the direet relationship
fetween magnesium and inorganic phosphorus observed in the dietary experi-
; Hients,
Discussion.
The injection experiments differ from the carlier dietary experiments in two
: mportant respeets which may aceount to some extent for some of the divergences
the salts { n lh-'.rvsulls of the two series. Firstly, wh}'l'vns inthe inj(r(:t.ion (-xp(trinwnl.s snl.ts
e wete introduced subcutancously and rapidly absorbed into the cireulation, in
P‘:,‘:,d; e dictary experiments much smaller amonnts of the relevant ion were slowly
the s““'l'“ . ..’.ninrlu-(l !rnm the intestine over a !wrw(l.o_ccul.)_\'ing 2 !u.)urs or more. SL’(?OI'lf“'\',
or 17 0. i A hile twoions only were concerned lll.”l(‘ m,w'(-tvmn(-xpvrl{mfnts, a number of ions
to of the i wepe !u-mg u.l»so!-bcd. simultiancously in Hu'-, (h‘otury expertments, as well as other
_ snstituents which may thenmiselves exercise important ctleets.
ween the ) These (liﬂ'(-r.cn(-c.s-. do not appear to be of suflicient importzmcc.. materially to
erirnent s . _‘ Attt !lw |'¢-lnt,m|'mln|). cx:stl.ng l)v[\.\"v’('u the ('nlc'uun and magnesium of seruny, .
vosults of -\‘hh.-h.m Itoth series of experiments is inverse. It is llubmyo-rt,lny that the (t!h.'cts of
nasmuch ‘ e injections ]mv.u not. lwv‘n us_(lr:l.\'luf as might, _l)(-. anticipated. In lv.hc (lf(:tfu'y
previous L Uteriments t!nu rises indd falls in !hu scrum-(-:xl(.'mm (:m"n,'s,.unulc(l w_lth similar
wsphate. vorsand falls in the serum-magnesium, whereas in the Injection experiments the
with the : o ater e more 1':”)1(1 mercase in the concentration of the one ion in the l)luf)«l
Josphate. o I'l‘lnlu(-«-fl..n fall in .(lu: other hardly sreater than Hms.n seen in strictly physio- .
on ol al. foneal mm'lmnns. 1t is evident that there vxx:% mechanismes \\'hf-l'vhy the organ-
W orally. ‘ : “""Hll resist, ad l,vn.lpts l,n' lm\'v.r a ood (-nnsl-ll,!u'nt fo an ||||(le51 able level.
Ll sine ' l\lu-n ll}u r(‘luhql]s ol caleinm :‘l‘fl(l magnesium 1.0._||1<n';_:.u.11|c phosphorns are
after the g Pebied, dhlTerences in lhlv 'r(-.s'l.|lts n.l the two series ol experiments are at once
e, i ) ",!'lwu-nl.. .\ll.hnugh the injeet inn ol phosphat e CRUNCS hL.“ in .thu serun-caleium
eadeinm 4 Jrenverse s ot nlr:\*(-r\'.ml, sinee wlufn i (‘:ll(‘lllll.l salt iy mjm‘:lyml. the serum-
. tanee phasphorus is virtually nnafleded, The inverse relationship between
inite fall ' <'-'rum-<'u_.lt~ium and inorganic pl‘m.\'phurl'm :l.\'.ull.\'l‘l'\'('(l in Ihfs dictary f!XI)(‘l:i-
o fieet _ "":t ‘ therelope appears to (»p('l‘.‘ll.t' in one direetion only. 'l"hu «lm»(.sl rul:llmnslnp
il of ”‘.m!.-'n. magnesiom ol inorganic |)|H).\'l)h()l‘_lls.()I)N('I"\'i"([ in the (l.u‘lm'.y experi-
in the : sreeeves no support from the results of the mjections, since while the
5 .
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injection of phosphate leaves the serum-magnesium unaffected, the injection of
magnesinm silts depresses the inorganic phosphorus so that the two constituenty
are actually in inverse relativnship.

The tack of reciproeity between caleinm and inorganic phosphorus on the one
hand and between inoeganic phosphorus and nigmesinm on the other which iy
indicated by the results of the injection experiments appears to lind an explana.
tion when the relative concentrations ol these constitucnts ine the blood are
considered.  Normally the caleium of serum is more than eguivalent to the
inorganic phosphorus, so that it might be anticipated that, when more phiosphate
was introduced into the blood-strean, combination with calcium would oceur
with the deposition in some snitable site of caleium phosphate and a consequent
fall in the serum-caleium value, Sinee ealeium is present in excess of inorganic
phosphorus, it is hardly surprising that the introduction of further calcium
produces no fadl in the iorzanie phosphorus, Similaly, {he inorganic phosphorus
of serum is more than cquivalent to the magnesinm, so thut, when more magne-
sium is introdueed, it scems reasonahle to expeet that some of the magnesiam
will combine with inorganie phosphorus, the disappearance of which from the
blood will lead to a fall in the serum-inorganic phosphorus, On the other
hand, the adidition of further phosphate when inorganic phosphorus is already
in exeess need hardly be expected to canse a fall in the serum-magnesiam.

The injection experiments suggest that fluctuation of the serum-inorganie
phosphorus is the chief controlling factor in the calcinm-inorganic phosphorus
relationship observed in the dictary experiments, This is in harmony with the
explanation suggested by Fraser [ 1932 ] who regards the relationship as dependent
on the periodical liberation of caleiim phosphate from the bones. The caleium
plays a passive role, in that caleinm deficiencey eauses calciim phosphate.to leave
the depots with consequent rise in the serum-inorganic phosphorus value, whereas
the presence of a sufliviency of caleinm in the bood leads to a discontinuance
of the process, so that the serumi-inorganic phosphorus tends to full. 1t is obvious
that the depots must normadly be replenished from time to time and it may fairly
be assumed that a rise in the serum-inorganic phosphorus is instrumental in this
effeet leading to a deposition of ealeium phosphate in the bones. Regarded from
this aspeet, the mechanism of the reciprocal relationship might be stated thus:
A rise in the serum-inorganic phosphorus leads to a fall in the serum-calcium by
deposition of caleinm phosphate in hone, while a fadl in the phosphorus value, a3
by exeess of exerction over intake, allows liberation of ealcium phosphate from
the bones to procecd with consequent rise in the serum-caleium value.

SUMMARY.

1. With a view to confirming carlicr observations of the cffects of the in-
organic constitnents of dict on the relationships between the concent sations of
caleium, magnesinn and inorganic phosphorusind he sertn of the rabbit, solations
containing the appropriate ions have heen injected subeutancously and theit
effects on the three constituents compared with those noted previously.

2 T'he inverse relationship existing between the concentrations of caleium
and magnesium in the seram, first obscerved when rabhits are kept on certain dicts,
hias been contirmed by the subeutaneous injection of ealeium and nmagnesiam
sanlts, .

3. The inverse relationship between the sernm-caleinm and inorganic phos-
phorus and the dirvect relationship between the serun-magnesinm and inorgntt
phosphorus is only supported in so far as the injection of disodium phosphate

Mg,

—

|

CILUSCS &

) Inctate o
' * does the
‘ sulphate
andd the
T eApering
‘ 4. T
caleium,

a. T

organie ;

6. T

eileinm,

7. S

caleinm.

The -
the awai
partly «

[ SRS V)

Rioe

rurgy



. . ’ B . . - :
< am i A s h AT PSSR P I UTIN S L JP5. SR /T TV IOW FI5Y WY S T % Rk Ll i3 ok s ‘w&-&i-‘qp

T TR

. . A s
ey x.;}-’P“‘!"J Sk
.

.

_{ B

: CALCIUM AND MAGNESIUM O SERUM 733
.
mjection ' L afalbin the serum-caleium. The injeetion of the gluconate, lacvulate and
constituoge Jteof caleinm has no constant elfect on the serum-inorganie phosphoras, nor
. he injection of phosphate afieet the serume-magnesiun, The injeetion of the
2 on the o, L ate and lactate of magnesinn depresses the serum-inorganic phosphorus,
“her which . ¢ e relationship is therefore the converse of that observed in the dictary
:ul(-\pl;u” » Seoathe s, .

« o blood - + The above findings are discussed in relation to the concentration of
dent to 0. : o, nnnesiam and inorganic phosphorus, normally existing in the blood.
o phosph o + The injection of sodium sulphate depresses the serum-caleiwm and in-
vould o S phosphorus but leaves the seeum-magnesinm unchanged.

consen s v Fhe injection of sodium ehloride has no significant cflect on the serum- .
of ihorea . aon. magnesiam or inorganie phosphorus.

her calemr, ’ ; small haemorrhages cause a slight temporary depression of the serumn-
“phospliva Al
Hore nkagvn: N
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Comparison of Parenterally Administered Calcium
Kinate Gluconate with Calcium Gluconate
and Calcium Chloride
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The homeostatic nature of the human body requires that there be 3
continuous intake of calcium. A sufficient amount of calcium is obtainel
from a normal diet, and the dietary sources of calcium need to be sup-
plemented by extra dietary administration only in abnormal circum.
stances. The use of calcium therapy in clinical conditions is not always
associated with actual. deficiency states. Evidence has been presente
in the past that parenterally administered calcium aids in the control of
edema (Morris and Rogen, 1940; Lecomte, 1950), allergy (Rudolph.
1936; Sullivan, 1941), urticaria (Chambers and Bernton, 1944; Parke.
1950), lead poisoning (Shields and Mitchell, 1941), and intestinal,
renal, and biliary colic (Bauer et al., 1931),

Excessively large quantities of calcium salts have been cited as possess
ing an anticoagulant effect (Loomis and Seegars, 1944). The addition
of small quantities of calcium to normal blood is generally not considercl
to have a significant effect.

The studies reported here are concerned with the experimental evalua-

tion of the toxicity of calcium kinate gluconate in comparison with that
of calcium gluconate and calcium chloride,

MATERIALS AND METHODS

Calcium kinate gluconate (CKG) prepared by Albro and Buck (1957
is a highly solulle complex of calcium kinate and calcium gluconate in an
approximate molar ratio of 2:1, The complex yields a higher concentra
tion of calcium than is obtainable from saturated solutions of either

492
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-mponent alone. The calcium kinate gluconate solution used in this
vwriment was water clear and contained 50 mg of elemental calcium
.+ milliliter.

"9 €00=Ca-ooc " /OOC(CHOH).CH_,OH
Ca '

nojij\ou HO OH \OOC(CHOH).CH,OH

OH OH

Calcium gluconate

Calcium kinate

Calcium gluconate (CG), 10% solution, USP (E. R: Squibb and Sons
s the Upjohn Co.), the generally accepted parenteral formulation of

wleium, and calcium chloride (CaCl.) were used as standards for com-.

~arison in most instances during these studies. The various experimental
yrocedures are described in detail in this section,

leute Intravenous Toxicity

Mice in groups of ten were injected intravenously with calcium kinate
“uconate (CKG), calcium gluconate (CG), or calcium chloride (CaCl,).
The LDso was calculated according to the logarithm dose-probit method
«f Miller and Tainter (1944).

loute Intravenous Tolerance

Two groups of six unanesthetized dogs were injected intravenously
with calcium kinate gluconate or calcium gluconate. One week later a
trossover experiment was done in which each dog was injected with the
alternate solution. The preparations were injected into the saphenous
vein at a rate of 3mg Ca per kilogram per minute. This rate of injection
45 approximately twice that which is recommended for therapeutic pur-
{ses. Maximum calcium tolerance was determined at the moment vomit-
g occurred and the total milligrams of calcium of the injected solution
per kilogram body weight was noted.

Intagonism to Magnesium Toxicity!

The comparative availability of calcium ion in caleium kinate gluconate,
calcium gluconate, and calcium chloride preparations was determined by
the antagonism of calcium jon to the toxicity of magnesium ion. Solutions

! The authors wish to thank Dr. James O. Hoppe for this study.
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494 FREDERICK COULSTON ET AL,

of the three calcium preparations with a congtant 5:6 ratio of calciy,,
ions to magnesium jons (as magnesium sulfate) were injected int,
venously into mice. The injected quantity of magnesium sulfate y,
sufficient to kill ten out of ten mice. Survival of the mice injected wip,
an antidotal dose of calcium was used as a measure of the availahilj;
of calcium ions, ’

Cardiovascular Effects?

The effects of calcium kinate gluconate on the heart and on the bl
pressure were evaluated in dogs in comparison with calcium gluconas,
Four dogs were anesthetized intravenously with approximately 15 my .
of sodium thiopental followed by 250 g/kg of sodium barbital. Feme
blood pressure was recorded by means of a P23A pressure transdu,-
(Statham) supplying a Grass balance demodulator unit and an encephal
ograph. Lead I and II electrocardiograms were obtained simultaucm:-l_\
with the above recordings. CKG or CG were injected intravenously i
doses ranging from 1.35mg Ca to 7.5 mg Ca per kilogram at a rate w:
7.5mg Ca per kilogram per minute. The electrocardiograms and Dl
pressures were recorded prior to the injections and at 10, 20, 30, 60,
120, 180, and 240 minutes after the injections. A crossover experiment
was done on the same day so that each dog received both solutions.

Intramuscular Tolerance

This study was done to determine the irritation of calcium kinat
gluconate when injected intramuscularly at various concentrations in the
rabbit. Calcium gluconate was injected and studied as a standard prep
aration. Twelve adult albino rabbits were divided into six groups of tw.
rabbits each and were injected as shown in the tabulation.

Group Drug Ml injected Mg Ca injected
1 CKG 1.0 50
11 CKG 10 100
11 CKG 1.0 150
v CKG 1.0 250
v CKG 1.0 50.0
VI CG 10 - . 100

Each rabbit was injected with the test solution into three different
muscles on the first, sixth, and seventh days. On the eighth day, th

2 The authors are thankful to Dr. Leonard Grumbach for this study.
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1its were sacrificed with intravenous sodium thiopental and the in-
--;..n sites of 1, 2, and 7 days’ duration were examined grossly. The
s of the injection sites were fixed in Zenker-formalin, stained by
. hematoxylin and eosin methad, and examined microscopically.

wonic Intravenous Tolerance
tifteen dogs were divided into five groups of three dogs each. Calcium
, +ate gluconate was administered intravenously to two groups at 2 or
mg Ca per kilogram, calcium gluconate to one group at 10 mg Ca per
_.am, and sodium kinate to two groups at 75 or 375 mg/kg. A sixth
~ap of two dogs received physiological saline as a control of the
- wrimental procedure. Sodium kinate was administered as a control of
¢ vifects of kinic acid, one of the constituents of the calcium kinate
wonate complex. All preparations were injected three times weekly
« b months,
The dogs were observed carefully, during and after medications, for
“anges in general appearance and behavior. Body weights and rectal
nperatures were determined weekly. Catheterized urine specimens were
wumined three times during the experiment to determine the effects of
v irugs on the color, odor, turbidity, and the chemical and microscopic
yurties of the urine. At the end of the experiment, the control and
wlicated dogs were sacrificed with intravenous sodium thiopental and
‘e thoracic and abdominal viscera were examined grossly. Sections of
“ues were fixed in Zenker-formalin, stained by the hematoxylin and
~it method, and examined microscopically.

‘ivmatologic Studies

Hematologic studies were done on the same 17 dogs used for the chronic
- month intravenous tolerance study. The dosage regimen of these dogs
described in the previous section,

Mother experiment was done with monkeys. Six rhesus monkeys
Muvaca mulatta) were divided into three equal groups. CKG or CG at
“%my Ca/kg or saline in an equivalent volume to the CG dosage were
uircted three times intravenously on alternate days to one group each.

Tutal red and white blood cell counts, differential counts, hematocrits,
w! hemoglobin concentrations were determined before medication and
“resimately once a month thereafter on dogs, and before medication
“nlat 1 and 4 days after the last injection on monkeys. Platelet counts
*te made, by the Rees-Eckert method, from the blood of dogs twice
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during the fourth and fifth meonths, and of monkeys followin
injection, Clotting time of blood from dogs receiving the high (
calcium and from the control dogs was determined by the capibary ,,, .
method three times during the fourth and fifth months; clotting 4,
of blood from monkeys was determined after each injection. Serum (,
cium levels were determined at monthly intervals on dogs by the Cran, .
* Tisdall method, and following each injection on monkeys by the ool
meter method of Kibrick e# al. (1951), ‘

. RESULTS
Acute Intravenous Toxicity

Calcium kinate gluconate and calcium gluconate had approximy,'.
the same acute intravenous toxicity in terms of 24-hour LD;, and ..
the basis of total compound administered, but they were less toxic tha
calcium chloride. On basis of calcium content, no significant differey,.,
in the acute intravenous toxicity was observed among the three com:
pounds. The 7-day LD;, was the same as that at 24 hours, These dar,
are presented in Table 1.

TABLE 1
Acute Toxicity 1¥ Mice INJECTED INTRAVENOUSLY with CALCIUM SaLms

Lv. 24-hro LD, (mg/kg =S¥ .

Medication As Compound L
Calcium kinate gluconate 1050 x §7 R
Calcium gluconate ) 950 +: 83 86 ¢ ¢
Calcium chloride 215 % 14 ' 80

@ Same LDj, at 7 days.

Acute Intravenous Tolerance

Calcium kinate gluconate was better tolerated than calcium glucona:
in terms of total Ca administered when injected intravenously into du:
The mean maximum tolerated dose of CKG as determined by occurrem:
of vomiting was 19.7 = 2.6 mg Ca per kilogram and that of CG ws
13.2 == 1.7 mg Ca per kilogram,

Antagonism to Magnesium Toxicity

Injections of magnesium sulfate (MgSOy) alone at a dosage of
mg/kg produced death in all mice. The death rate was reduced shary’.
when one of the three calcium salts was added at 40 mg Ca per kilogra
to the injections of MgSO,. No definite difference in effectiveness we
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Awerved among the three calcium preparations. As a control, a volume
i «aline equal to that of the calcium solution was added to the MgSO,
Jution; no decrease in toxicity was observed, a result indicating that
o marked reduction in mortality of the magnesium was not due to
“Iution of the magnesium solution by the calcium solution: this reduction
asv caused by the addition of the calcium salts. The results of this
rywriment are presented in Table 2,

TABLE 2 '
ANTAGONISM OF CALCIUM SALTS T0 MacNEStum Toxicrry IN Mice
Dose mg/kg i.v. as Mortality
Medication Ca Mg No. dead/no. injected

taliium kinate gluconate 40 - 1 / 10
« dium gluconate 40 — 1/ 10
¢ ahium chloride 40 — rt/ 10
Magnesium sulfate (MgSO,) - 48 20 / 20
takium kinate gluconate 4 MgSO, 40 48 2 20
vakium gluconate - MgSO, 40 48 3/ 2
Caliium chloride + MgSO‘ 40 48 2/ 20
sdine 4 MgSO, : - - 10 / 10

Cardiovascular Effects .

Calcium kinate gluconate of calcium Kkinate produced no significant
thanges in the electrocardiograms, heart rates, or blood pressures in dogs
shen injected intravenously at doses up to 7.5 mg Ca per kilogram.

Intramuscular Tolerance

There was no apparent evidence of pain in any of the rabbits injected
“ramuscularly with calcium kinate gluconate or with calcium gluconate,
the skin at the sites of injections was normal in appearance. The general
‘s and microscopic observations differed primarily in the severity of

i lesions produced by the calcium preparation rather than in the type -

{inlammation.

CUKG was well tolerated when injected at 5 or 10 mg Ca per dose, as
*4% CG at 10mg Ca per dose. Minimal tissue damage attributable to
e medication at these dosages was observed at 24 and 48 hours, and
“raling was well advanced by the seventh day.

Intramuscular injections of CKG at 15 or 25 mg Ca per dose were well
“lerated, but moderate tissue damage was observed at 24 and 48 hours,
though the nature of the tissue reaction was similar following these
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two doses, the 25 mg Ca per dose resulted in larger areas of inflammay,.
reaction. Healing was advanced by the seventh day.

Intramuscular injection of CKG at 50 mg Ca per dose was not as w,
tolerated as the more dilute solutions. Moderate to severe tissue dan,, .
was observed at 24 and 48 hours and the rate of healing was slower.

Chronic Intravenous Tolerance

The dogs injected intravenously with calcium kinate glucenate ..
calcium gluconate three times weekly for 6 months were normal in apyic,.
ance and behavior throughout the experiment. The body weight pain .
the medicated and control dogs was normal. No symptoms of hyj.
calcemia occurred and no evidence of irritation was observed in any .
the sites of repeated intravenous injections at any time. The rectal v
temperature of the medicated dogs was within normal limits throuuh,
the experiment. .

No significant change attributable to medication occurred at any tir
in color, odor, turbidity, or the chemical or microscopic propertics .
urine of the dogs. No significant macroscopic or microscopic lesii-
attributable to medication were observed in any of the dogs autopn.
at the termination of the experiment, :

Hematologic Studies

Total red and white blood cell counts, differential counts, hematocut:
and the hemoglobin concentrations of dogs or monkeys injected we
calcium kinate gluconate or calcium kinate were normal as compared ¢
control dogs or monkeys.

Clotting time in dogs injected with the calcium selutions at 10mu ¢

per kilogram or with sodium kinate at 375 mg/kg for 3—4 months w.
faster than in the controls. Usually, this was observed within 15 minut
after each injection, and the clotting time returned to the premedicatv

time within 45 minutes. Determinations made at 60 minutes and at

and 2 days following the last injection were within normal limits. A«
crease in clotting time was noted also in both groups of monkeys me:
cated with CKG or CG. The decrease was observed within 15 minu
alter each injection and reached a maximum by 30 minutes. The cloit:
time returned to normal at 90 minutes following injections of (1
whereas after CKG the clotting time returned to normal at 150 minu*
or more. Four days after the last injection the clotting time of -
monkeys was normal. The clotting time values are presented in Table

Crorrmee Trme 1v Docs Axp Mowxzvs arrex InTaavesous Injrcrions or Carcrux Savrs

TABLE 3

.

Clotting time

Time after medication

Pre-

Medication® Species med. Ly 15° ki 4 60’ 90 150’ 24Hr 48Hr
Saline control - Dog* 215" —_ 257" 230" s —_ — 230" 250"
CKG 10mg Ca/kg Dog 2'55% -— 245" 2’01” 2'53” — —_ 2'48" 257
CK 10mg Ca/kg Dog : 2°20" | — 151" 140" 218" —_ — 2 227"
Na kinate 375 mg/kg Dog 230" — r’n” 153 . 241" -— —_ 2'43% 2°48*
Saline control Monkey? 123" 118" 1187 1'18” — 118" —_ —_ -
CKG 7.5mg Ca/kg Monkey 127" 118* os1” 041" — o's3” 108* — —_
CG 1.5mg Ca/kg Monkey 1ra~ 115" 0's3” 041" — 1237 —_ _ —_

@ Averages of 3 dogs in each medicated group and 2 in the controls at 3—4 months of medicatioh.

b Avcrages of 2 monkeys in each group following 3 injections on alternate days.
e CKG = calcium kinate gluconate; CG = calcium gluconate.

AD0700IX0L WALV IvEILNTRVL

66%
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A slight increase in platelet counts was observed in dogs and mank,..
injected with CKG and in dogs injected with sodium kinate withip |-
or 30 minutes after the injections. No definite increase was noted in ¢,
or monkeys injected with CG. The platelet counts are presente "
Table 4. .

TABLE 4
Praterer Counts oF Docs AND MONKEYS AFTER INTRAVENOUS INJECTIONS
oF Carcrum Savrs

. Platelet count (1000/mm?)
Pre- Time after medication ‘
Medication® Species med. 5§’ 15° 30" 60" 90 My
Saline control Doge 400 — 354 454 _ .,
CKG 10mg Ca/kg Dog 389 — — 475 416 — 4.
CK 10mg Ca/kg Dog 422 — — 435 380 —. .
Na kinate 375 mg/kg Dog 31 — — 435 448 — .
Saline control Monkey? 296 287 301 300 - 308
CKG 7.5mg Ca/kg Monkey 292 361 407 429 — 315
CG 75mg Ca/kg Monkey 412 407 445 405  — a8y

@ Averages of 3 dogs in each medicated group and 2 in the controls at
months of medication,

b Averages of 2 monkeys in each group following three injections on ahers.
days. .

¢ CKG = calcium kinate gluconate; CG == calcium gluconate,

ta

A significant increase in the serum calcium level was observed in 1!
dogs injected with CKG or CG when compared to the controls. 1
maximum increase was reached within 15 minutes following the injects

and was still slightly elevated 3 hours later. Similarly, a significant |
crease was observed in the monkeys injected with CKG or CG wh
compared to the controls. This increase reached a maximum within
minutes following the injections and returned to an approximately noe:
level within 90 minutes. Serum calcium levels are presented in Tabl

Clinical Studies ?

Detailed clinical reports (Nobel, 1959) on over 200 patients trea
with calcium kinate gluconate have been analyzed. These reports it.
cated excellent tolerance of CKG. Besides the transient flushing or fiu'.
of warmth experienced by many patients receiving parenteral calo
the only reported untoward reaction was a temporary dizziness felt by v
asthmatic patients receiving an intravenous solution containing dests )

key
LRk
(ln_-
d o
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< f treated patients included
.nadryl, ACTH, and CKG. The number o neluc
l::uc;s);s’ of dern'latoses, 18 cases of asthma, 4 cases of lead poisoning,
,.4| 60 cases in a state of calcium deficiency.

i TABLE 5
srres CALCIUM VALUES AFTER INTRAVENOUS INJECTIONS OF Carcrust SaLts
Serum calcium (mg/100 ml) at minutes
after injection

Pre-

Medication® Species med. 5’ 15 3¢ 60 90" 1200 180
- e control Doge 103 — 104 — 1085 - :g; :g.;
'Ky t0mg Ca/kg Dog 103 — 144 — 132 - 13.4 ".2
vt 10mg Ca/kg Dog 107 — 161 — 140 — 10.7 10.5
\s kinate 375 mg/kg  Dog 107 — 109 — W05 — A .
*dine control Monkey? 118 113 115 116 — 118 — :
(Kt 7.5 mg Ca/kg Monkey 108 142 13§ 130 ~— ll.; — -
¢ 7.5mg Ca/kg Monkey 121 150 143 134 —_ 12 _— .

+ Averages of 3 dogs in each medicated group and 2 il.l the. controls from 6
uterminations at monthly intervals following chronic ndmim'su:am.m. , e
* Averages of 2 monkeys in each group following three injections on alterna

s

« CKG = calcium kinate gluconate; CG' = calcium gluconate.

DISCUSSION

The pharmacologic activity of calcium kinate gluconate was si‘rmlm: to
that of calcium gluconate and was apparently du? to the calcium on.
\o significant difference was observed among .C!\G, CG, or CaCly in
sotecting mice against a lethal dose of magnesium when the.doses were
vlewlated in terms of their calcium ion content. The acute intravenous
tnicity of these compounds also appeared to be directly related to the
calvium jon when calculated in terms of the calcium cox‘xtent of these
teparations. On a molecular basis, CKG was the leas‘t toxic o_f the three
canpounds, No chronic toxicity was produced by either CKG or CG.

The degrees of intramuscular irritation were similar for CKG i'md CcG
hen administered at an equal calcium concentration. If the CKG con-
‘ratration was decreased, the degree of intramuscular irritation def:reased
doportionally,. CKG was well tolerated with calcium concentrations up
125 mg/ml. .

The specifi¢ effect of the calcium ions was less evident in acute intra-

venous tolerance studies in dogs where CKG was better tolerated than"
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CG when administered under identical, conditions and at the same
of calcium injection, It is possible that the anionic moiety of CK¢
creases the tolerance of the recipient to calcium.

Another possible difference between CKG and CG was obserye,
hematologic studies where slightly increased platelet counts Wete nor,
in dogs and monkeys following injections of CKG but not of CG. ..,
ever, both Ca preparations shortened blood clotting time. These ¢, .
of CKG and CG could not be attributed only to high serum calcium |y,
since injections with sodium kinate into dogs also resulted in a sy,
blood clotting time with a possible slight increase in platelet counts, «
similar observation with kinic acid has been reported by Nody ;.
Kurakake (1939): kinic acid injected intravenously into rabbits redi,
blood coagulation time, The effect of CKG on blood clotting time
platelet counts may be attributable to the presence of Ca jons and ki,
acid. '

T4

CKG is of interest in the treatment of lead poisoning. In recent yr..

chelating agents have been successfully used to tie up heavy metals, Chi.
in these cases may be used similarly in view of its chelating propertic- . -
the kinic acid moiety, superimposed on the mobilizing effect of calciy:

SUMMARY

The pharmacologic and toxic properties of calcium kinate gluconate, calcium
conate, and calcium chloride have been studied in mice, dogs, and monkeys. 1:.
pharmacologic properties appeared to be based on the calcium conhcentration ew.,-
for acute intravenous tolerance where calcium kinate gluconate was better tolvrat. -
than caldum gluconate. Calcium kinate gluconate and calcium gluconate injuctic -
produced transient decrcase in blood clotting time, but increased platelet counts w. -
observed only following calcium kinate gluconate injections, The calcium kino
gluconate effcet on blood probably was attributable to the presence of calcium 4
kinic acid. No toxic properties of calcium kinate gluconate and calcium ghueon
were observed in a 6-month tolerance study in dogs. Good clinical tolerance of «r°
cium kinate gluconate was reported on over 200 cases.
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fifects of the Intravenous Injection of Ce(tain Salts of Sodium’

Cslcium and Potassium on Intestinal Tonus and Motility
in the Dog”

By L. M. JONES, A.B., D.Y.M., M.S,, and E. A. HEWITT, B.S., DV.M., M.S., Ph.D.

Ames, Towa

. MANY YEARS saline purges have been
gpistered by the mouth but, recently,
+ain salts alzo have bheen injected intra-
ecusly to stimulate the intestinal tract.
jhis study was undertaken with the ob-
o of determining the ability of certain
am, potassium  and  caleium salts to
<ealate the muscular activity of the in-
atine in the dog.

Two types of experimental procedure were
sewed. Type 1 required an anesthetized
w2 and imvolved a recording of the res-
:yatory movements, of the blood pressure
4 =m the carotid artery and of the intes-
| -l movements as revealed by a balloon
“xed within the small intestine. Type 2
~vided for a recording of respiratory
~ements and a recording of intestinal
~itments as revealed by a jacket placed
<t an exteriorized skin-covered loop of
=ill intestine.

P T R e

" MRIMENTAL PROCEDURE

-

" type 1, the dogs were anesthetized
% pentobarbital sodium dissolved in dis-
~d waler and administered by intrapleu-
rjection at the rate of 30 myg. per kilo-
w22 1hs)) of body weight., A G per
“*whition was used.

“te records were made on long smoked
“rorevolving on a Miller kymograph.
“d pressure was rvecorded by a mercury
."f'*mcter connected by means of a three-
“Vamnala with the left carotid artery.
“rannula also was connected with a pres-
“hottle containing an anticoagulant (8
st godinm citrate sotutiond, .
“irations were recorded by means of
:"“’“""’Hr:lph connected with a Becker air

\ ot A . R
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tambour. Movements of the intestine were
recorded by the bhalloon method. By means
of a median incision the anterior portion
of the jejunum wuas isolated and exposcd.
A thin rubber balloon attached o a human
catheter was  inserted into  the  lumen
through a small incision in the intestinal
wall,  The incision in the wall of the in-
testine was closed by a purse-string suture
which was drawn tightly around the cath-
eter connected to the balloun.
was replaced in the abdominal cavity and
the abdominal incision was closed by
clamping with hemostats. The catheler was
attached by tubing to a burette partly fitled
with water; the water was allowed to {low
into the balloon, thus distending it. The
top of the burette was connected by rubber
tubing with a Macey air tambour. The
movements of the intestine exerted a pres-
sure on the water in the balloon that was
transmitted to the column rf water in the
burette. The column of wuater compressed
the air in the top of the burette and trans-
mitted the wvarviation to the recording
tambour.

A burette for injection purposes was con-
neclted by means of rubber tuhbing to a
three-way cannula inserted into the temoral
vein, A three-way cannula was used so that
it could be washed out between injections,
if necessary. - Special pipeties to control the
rate of injections were inserted in the tub-
ing connecling the burette with the cannula.
The pipette most frequently used allowed
100 cc. (3.3 oz.) of the solution to pass in
eirht minutes.

In type 2, a method. that is new in the
study of intestinal motility is based on an

 operation on the dog first performed by

Biebl'! and improved by Bors and Polano.?
The method used in-these experiments was
adapted largely from the technice of Bors

)
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and TPolano.  Two parallel skin incisions,
about 6 in. in length, were made longitudi-
nally about 1", to 2 i apart in the loose
skin of the rvight tlank. The subeutancous

~fasciae were torn loose underneath the strip

A B- or J-ing inecision
through the abdominal muscles and peri-
toneum was made underneath the median
skin wound.  The first part ol the jejunum
was carefully located and brought through
the openings in the abdominad wall. A see-
tion of mesentery was selected that was
comparalively free of blood vessels and
nerves.  The section was cut away from the
intestine and care was taken not to injure
neighboring vessels or nerves. The strip
of skin was folded around the free loop of
intestine and the edges fastened together
with interrupted silk sutures. The peri-
toneum above was sulured with catgut;
then the abdominal muscles in like manner.
The free skin lateral to cach of the parallel
incisions was stretched until both parts met

of skin on all sides,

underneath the loop and were sutured with

silk.

The wounds were protected by a double
layer of sterile gauze cut in two sections
to fit the arca and held in place by special
adhesive cement. The bandage was exam-
ined on the second day following the oper-
ation and loosened if it was too tight; it
was removed on the third or fourth day.
The silk sutures usually were removed a
few days later. A broad fiber-board collar
was uscd to keep the dog from annoying
the wound.

In 1% to two weeks following the oper-
ation the wound was sufliciently healed so
that it could be measured and a metal jacket
was made to fit the intestinal loop of the
individual dog. The jacket was made of
a hollow, metal eylinder that was cut down
the middie from top to bottom and hinged
g0 that it would open to permil the entrance
of the intestinal loop, The cylinder was
about one-fourth inch larger on all sides
than the skin-covered intestine. At both
ends of the cyvlinder a metal collar one-
fourth inch wide was soldered go as to fit
moderately close about the intestine and to
close the end of the cylinder. A metal tube
about one inch in length and one-half inch

I.. M. JoNES AND K. A, HEwWITT I
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in diameter was soldeved fo an o0
the middle of the exlindia, A o0y,
loon was attached to o thrve b,
rubber tubing by & rubber bond e
balloon was cemented  incde the o
jacket. The rabber tubive wa. 3 1y
the short metal tube leadinge trem 1),
of the jacket and attuched 1o g waroy o
meter with a writing point. i o
balloon and tubing were coretally e
of all air and filled with water A ..
pressure of about 15 e, (05 G owy,
erted on the balloon.

While the wound was heahine, « b o
was trained to lie quictly on the tailo
dogs maintained theiv positions ter por
sometimes as long ws< 170 how s withonr .
preciable movement, Some of thom ..
mitted repeated intravenous et
the cephalic vein without inferferine we
the recordings. After the doga booane |
customed to the procedure thev w uallv ok
at intervals during the experiment,

Records of respiration were made at v
same time that the intestinal nmenomos
were being recorded. 'The nurpes ¢ of ©
“respiratory tracing was not to tads v
ration only but to note the posable oy thion
of respiration upon the intestinad noe
ments. The respiratory movenent: v
usually altered when the animual !
which helped to explain unnsual moveme”
of the intestine,

A minimum of three dayvs wiae allowed &
tween the periods when an indivaednad d
was used for diflerent or vepeaded vy
ments. Thus, suflicient Lime we

KR TP

ered to have-elapsed for the exaretion s

salts previously injected.

All of the experiments in bype Dware g
formed on unanesthetized dep Ao
standing advantage of the method wa th
intestinal motility was not nltaenod s
the anesthetic. Another cdvantaee v
possibility of using the :ame IR PRI
eral experiments and shiudsing the ot
different substances so that o comerany o
reactions in the same animal coulit he nad

o

DISCUSSION

Two terms are used heve to deande s
testinal activity. The termoante tipalr
tility or movement is used to n for ta Y

~— " ——r Shr—

e aam e

- — -

e = v e e —n ——_—————

N
Lo
|.|ll,
Movet
diierd
,';;, Visba
iy by
ol et
canthiy
NEERAR]] nt.
vdativ
Loy

Laiost
Creclive
cvab tom
wasoan
el it
vl Lot
He MOt
tone.

tn th
ron e
ation ©
o
l‘ll‘.l“lif
marhed
nent e

in {l
Frtion
actions
dem
ol ol
than w

n n
or
sclivity
| ane's
SRINIE

oy
Yion of

Vi,
tah O
diaaly

.\'-ul‘
hiory,
vend

[T
Lang
1 q““,
b e

oy



-{
e s s b P s b Lo e T b 18 s e e

A W 1300 (NTESTINAL TONUS AND MOTILITY IN THE Do6 261
N -’ S .- . B - [
i, G varying segmentations and  pevi- produced vesponses varying only in propos
i o S avess the torm intestinal fonus is tion to the amount of salt injected, Hhe
] . Y - -
.‘ [ g refer o the slowly changing state of total amount of calt rather than the per \
how, B . . . .
L . ealised contraction. centage strength of the solution injeeted up o
Oy AR . . . . .
o ements of the intestine, such as v wared to be the factor influencing intes-
i1 M segmentation, peristulsis and an- tinal activity.
LN R ® . . v . .. - o .
" e { pistulsis, could not be identified individ- An carly etfect, more noticeable followine '
Ly y - by the methods used to record intes-  the administration of the dilute rather thun .
b oo . - g . ey - H : H H
. 2‘ " tivity. Therefore, the general terms, {he stronger solutions of sodium chloride,
wrhit. wt b . . : . . -
enp Yty or movement, were used to indicate  was the stimulation of intestinal contim
v w l ; atation or peristalsis of the intestine. tions without an increase in tonux.  Aftev '
atey, o . . . ) e 1qe . i
1 wan S Lgtions AN intestinal tonus were easily additional saline had been injected, inte .
PR ) ¢ :
j cpnized. tinal tonus was stimulated as st ronyhy
Ve . . . intestinal con ractions. Large an =
wohog s ‘ pang’s Solution.—Lang’s solution was an ) tri ATEL " M‘.”_‘ ol
e - - - . . . . saline pr(»duced exireme increases of inte \
el T g adnve agent In stimulating both intes- ‘ .
1 . } : e, e o {inal tonus accompianied by suppres.ien ol v
Prvic. o] tonus and motility. The first response .
i 3o . . oy - . motility. It appeared that the movement
ul a § oaos an iNCTEASE in motility which was fol- : . .
R . oy s S of the intestine, such as rhythmic sepnenta
cmopere 4 el immediately by an increase 1n intes- . . .
1 : . i tions and peristaltic rushes, posseaed @ '
tons e -4 tonus. Intestinal motility appeared to .
e e - . . . . lower threshold value than did the muchan- .
myrowin - more easily. stimulated than intestinal | . . R .
came o A jism for increasing intestinal tonus.
} i KR ne, ) . e . .
Ally shers g ’ thetized animal Lang's sol Intravenous injections of solutions uf wo-
& " 3 7e : ¢ ange s s - . . . .
¢ In the ar‘le: € ”‘Lt ,‘imm“ ; angs =0 u‘ dium chloride were relatively nontosr
. ) Y 3 I3 X¢ 20 . s . .
§ w.n seemed to cxert 1LS most pronounced  Nojther the circulatory nov respiratory s

le : U o o
n l-:,tut._,l,;\. : ;'"?n(‘:(::ﬁll(’zr::gi;n {:::(;C"ln;‘?li;r:l‘l::; tems were particularly susceptible ?n sodium
de of the “-A:nthijnyp Encfh iynicc‘tlion .])rcr(ltlce‘(l a chloride even tho.ugh all the S()l\lhnn::' werr
1y respi. ~;;kcd f:ll in blood p'rec‘;ure although the hypertonic. Hewitt, Greenwoud} and ’\""",”“'
influence - fr.ar-t con(tinuﬂd to beat ;ironl;*l:r showted t'hat 60.6 Gm. (2 97‘") .()f S“d“.”"
{1l move i S > . chloride in 30 per cent solution injueted in
Luts were l}n thc. unancsthetized dogs Lang's so- {ravenously over a period of 17 minute
1 moved, , o0 did not producc undesirable re- proved fatal to a dog weighing 1818 ky (10
ovements s*ions upon the respiratory or circulatory ]bs.). This was equivalent to s G 11
nitems, However, much smaller amounts  oz.) per kilogram of body weight,  They
¢ solution were administered in these cases  concluded that the toxicity of =odinm chio
an were griven to the anesthetized dogg.  yide was effected in three wavs: tr The
In none of the dogs, cither anesthetized  osmotic effect, which inereased blood vol-
.+ ianesthetized, did the induced intestinal  ume and hence blood pressure; 2 & diredd
ativity produce defecation. In gencral, effect upon the medullary centers, at fir
ane's solution produced strong intestinal  stimulating and later paralyziny these cone
1 wtivity although in some cases rather long ters; and 3) increasing the prrmeabihity of
servals elapsed belween  the administra-  the cell membranes, squsing tuid to escape
‘v of the Lang's solution and the reaction.  more readily into the tissue spaces.
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enced Ling's colulion consists of 60 G, (2 02.) Sodinm Citrates The response of the m
wowas the ~uh of sodium chloride and sodium citrate  yetine to injections of sodinm eitrate v
< for sev- ’ ved in one quart of water. {he opposite to that qnsed by sedium Chle
ceffert sodinm Chloride.- - Solutions of sodium ride. The citrate produced an neres w o
Pranison o soride varving in girength from 2.5 per intestinal tonus with smaller aome it ‘.,p
be mads nt to 12,5 per cent were used.  Each of  solution than were needed to S'inm‘-l“'”“‘,
Wt

w seven experiments with sedium chloride  testinal movements. 1 would apprdt

tonus was more susceptible to indeetinn: ol

e approximately the same results.  In-

serjbe 1r “‘-ﬁ!inal motility and tonug were stimulated  sodium citrate than was {he mechane: oo
dinal m- =+ vach of the different gtrengihs admin- tiating intestinal movements. lnhuu.nn"l
‘er to the o #tered, The use of different concentrations injections of sodium citrate were polntiveds
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toxic to both the circulatory and the re-
spiratory systenis.

With the intention of neting possible dif-
ferences in the stimulating actions of the

citrate ion and the chloride ion, solutions of

citric acid and hydrogen chloride gas were
mjected intravenously into different anes-
thetized dops. The results af administering
a solution of hydrogen chloride gus to 4,500
indicnted that the chloride ion did not stim-
ulate intestinal activity. Similarly, a D per
cent solution of citrie acid was injected into
each of three anesthetized dogs and in no
case was intestinal motility or tonus stimu-
lated.

By a process of elimination the citrate
and the chloride ions did not seem to be the
factors coneerned in stimulating intestinal
activity, Ounly the sodium jon remained to
account Tor the stimulation of the intestiine
produced by sodium chioride and sodium
citrate.  The manner in which the sodium
jons exerted tneir influence was not defi-
nitely revealed. Hammett' and Hammett
and Nowrey® suggested that the sodium ion
might act by increasing the permeability of
the tissue to some other agent initiating the
response. Hughson and Scarft® concluded
that the sodinm chloride had a direct effect
upon the muscle fibers of the intestinal wall.

Sodium Bicarbenate~ A b per cent solu-
tion of sodium bicarbonate stimulated the
small intestine of the dog more effectively
than any of the solutions injected. Strong
mpvements of the intestine were continued
longer under the intluence of sodium bicar-
bonate than any other salt, Comparatively
Large injections of sodium bicarbenate stim-
ulated intestinal tunus so intensely that Jo-
calized movements of the intestine were
inhibited. .

No reaction was elicited from the yespira-
tory or virculatory systems by intravenous
injections of moderate amonnts of sodium
bicirbonate,  Over GO0 ceo (20 0z) of a b
per cont sulution was injected into one ani-
mal without producing un outstanding re-
action,

Caleium Chloride.— Caleium chloride in 1
per cent solution did not stimulate intestinal
activity as much ws did the sodium salts.
However, the influence of the injection

Jorn, ANV M
scemed to persist longer with calcium chlo.
ride than with the sodium salts.

There has been considerable difference of
opinion regarding the etfect of caleium chlo-
ride upon intestinal movenments.

Celeium Gluconate, ~The inlravenous in-
jection a 5 per cent solution of calcium glo.
conate stimuluted the smull intestine maore
than did calcium chloride. Cualeium gluco-
nate  did not affect the respiratory or
cirenlatory system to any noticeable extent,

Calcium gluconate is soluble to the extent
of about 3 per cent in 100 ec. (3.5 0z.) of
distilled water, but by the addition of borie
acid the solubility can he increased 1o 20
and even 30 per cent, The solution uxed in
the experiments with calcium gluconate was
stabilized with 4 per cent boric acid. In
order to determine the effect of borie acid
on intestinal motility, a 4 per cent solation
of borie acid was administered to.an anes-
thetized dog. Neither intestinal muotility
nor tonus was inthtenced by the injections,
The respiratory and circulatory systems
were not significantly altered by the injec-
tions. Thus, the results obt ained from in-
jecting calcium gluconate suspended in a
solution by the aid of borie acid were con-
sidered to be due to the caleium salt and
not to the boric acid.

Potassinm Biearbonate and Potassium
Chloride—Intestinal activity was inhibited
in the experiments involving the intraven-
ous injection of 5 per cent solutions of
potassium bicarbonate and potassinm chlo-
ride. These results were in agreement with
Hazard and Wuarmsert and Melnikov.' On
the other hand, In* and Constantini and
Ballarin® found ihar potassium chloride
given intravenously stimulated intestina
movements. Considerable  difference of
opinion is evidenced iu the Iiterature in re-
gard to the effect of pofassinm ehiloride
on the intestine.

SUMMARY

The technic emploved in experiments of
type | permitted & study of the effects of
intravenous injections upon the respivatory
and civeulatory systems as well s the in-

testingd museulature, This technic allowed

a careful study of variations in intestinal

.
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s and matility that ocenrred in a repre-
ontative portion of the intestine.,  This
aethd possessed the obvious disadvantape
£ being performed on an anesthetized dog
W« surgical intertference.

pyperiments of type 2 were performed on
;;-_;nwstlwtizm dogs that led a normal ex-
qenee before, during and after the experi-
went,  In {his method the variations i
sood pressure were not studied and the
Lwicity of an injected substance could be
ceasiired only by erdinary clinical methods.

By employing hoth types of procedure
wd comparing the results of each methed,
whtively inclusive data should be accumu-
ded because  ihe disadvantages of one
wethod were nullified by the advantages of
e uther method,

A total of 30 experiments were per-
jormed.  In type 1, 21 dogs were anesthe-
wred and subjected to the experimental pro-
adure.  In type 2, nine experiments were
wrformed with five unanesthetized dogs.

CONCLUSIONS

Lang’s solution is an effective agent in
dimulating both intestinal tonus and motil-
av. However, it is slightly toxic to the
respivatory and cirenlatory systems of the
anesthetized dogs.

Solutions of sodium chloride stimulate the
intestinal musculature. The first injections
.f small amounts stimulate intestinal motil-
ity primarily. Subsequent injections of
wrger amounts of sodium chloride solution
aimulate intestinal tonus but suppress mo-
tility somewhat.

The quantity of sodium chloride injected
ather thun the percentage strength of the
«lution appears to be the factor stimulat-
ng the intestinal musculature. The re-
wonse of the intestine varies in proportion
“Vthe amonnt of xalt injected.

Large amounts of hypertonic solutions of
wudium eloride administered intravenously
4o relatively nontoxic to the cireulatory
anl respiratory systems.

An jncrease in tonus was the first and
wost persistent response of the intestine to
intravenous injection of sodium citrate.
Hestinagd motility is-stimulated moderately
“he citrate. A bradycardia and slowing

INTESTINAL TOMNUS AND MoTiLITY IN THE DoG
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of respivation result fram large injections
of sodium citrate.

The sodium ion appears be instru-
mental in producing a stimulation of intes-
tinal musculature,  Sodium  chloride und
sodium citrate both stimulate the intestine
bul eitrie acid and a solution ol hydeeyen
chlovide gas do not affect the intestine,
Therefore, it appears that the citrate and
chloride fons do not stimulate the intestine.
The sodium ion appears to he the onlv re-
maining factor and seems to be responsible
for the stimulation of the intestinad musen-
lature. The method whereby the sodimm
jont may be effective is not understood.

{o

Lang's solution appears to stimulate the
intestinal musculature by virtue of the so-
dium iuns present.

Sodium bicarbonate stimulated the intes-
tinal tonug and motility more cifeetively
than any of the solutions used.  The bicar-
bonate produced lttle or no effect on the
respiratory and circulatory systems.

Calcium chloride did not stimulate the in-
testine as much as did the sodinm salts but
the cffects persisted longer. Considerable
danger of heart Lloek aecompanics the in-
travenous injection of caleium chloride.

Calcium gluconate stimulated 1he intes-
tinal musculature more than abeinm
chloride. Borie acid, which was used to
increase the solubility of caleinm gluconate,
apparently had no eileet on the intestine.

The respiratory and circulutory
were not altered significantly by the intra-
venous injection of caleium gluconate.

svsfems

Potassium chloride and potassium bicar-
bonate appeared to depress the intestinal
musculuture.  Potassium chloride was ex-

ceedingly toxie to the heart,
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Heartworms

A study has been made on the survival
and location of the microfilariae of Dirofi-
laria {mmitis in the dog.

An uninfected dog was injected intraven-
ously with blood containing approximately
233,000 microfilariae, They survived in the
blood stream of this dog for more than two
years, None could be found, however, upon
necropsy 2!. years after injection. No in-
crease in the size of the larvae was noted.
Comparatively few of the larvae appeared
in the peripheral civeulation after injection,
Probably a part of the microfilariae are con-
centrated in the capillary networks through-
oul the buody, and a part leave the blood
stream altogether. There is some evidence
that the muacrophage system, activated by
some type of immunological reaction, may
destroy Inrge numbers of microfilariae in a
short time, Lut such reactions are of Irregu-
lar occurvence and they do not regularly
allect microfilarial longevity or periodieity.
(. C. Underwcood and P, DD, Harwood. Sur-
vival and Location of the Microfilariae of
Dirvofiluric Immitis in the Dog. Journal of
Parasitology, xxv, 1939, pp. 23-33.)

The influence of change of the

When Ted apon or inoculatog “tlh'
phus-infected material taken 1o, m““
pigs, cads are capable of having ay WA o
ent form of exanthematous typhys Tre
disease thus produced is not febr ile, by ",
\'_irus can be put in evidenee in the Lty
the cat 37 hours after the inoculatioy, |
however, to lose ifs pathogenicity o,
davs.  The authors showed that three (
which bud bLeen in contact with by,
cases contracted the disease in inum_-;‘,.,';
form. (Abst,, Recae de Médeeine Ve,
airve, ved, April 1939, p. 2.21.)

Mustard Gas

The veterinary corps of nations at w,;
need not be reminded of the terrors of my.-
tard gas for man and animals, Mustag,
gas is thiodiglycol chloride,  Its pet nam.
in World War 1 was TYperite,” named 1.
Ypres, where it was first used. The date
was July 12, 1917, It differs from the otk
war gazes in having a destruclive exterrs,
action in addition to its irritant effect o
the respivatory iract. No gystemic acti.z
has been observed. It disables and kills t;
its topical action. The fluid or its vaper o
horses destroys the epithelial and subo-
thelial stracture of the skin in large patchos
and, in sloughing, leaves a slow-heulicg
wound.

Mustard gas disables horses in varivii
ways.  The damage is gencrally _nutiw.‘
about two weeks after exposure.
battleficld horses are seldons exposed to hize
concentrations, respiratory troubles are !
important. By the time animul-dros
trains arrive on the scene of an advaee
much of the gas hag been dissipated. i
contained mainly in holes cupped in the
mud of rouds and shellholes and, strangels.
upon the leaves of trees, whence it sotties
down upon the backs of horses shelferad v
der them. 'Three weeks after a mustad
was attack, horses e in low places the
risk of having their sheaths slough of #
great patches o month later, The g _""_
rives its name from an odor resemblimg 16
of oil of mustard. 1t has no other clain ¥
the name,
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Treatment of heredodegeneratlve

A dlsorders

)

A continuing challenge to neurology

Walter O. Klingman, M.D.

It 1s with great personal pleasure that the of-
ficers and members of the Board of Trustees
of the American Academy of Neurology wel-
come vou here in Boston where so many of
the inembership have had their introduction to
the field of neurology under numerous able
and outstanding men. The attendance at this
mecting, the scope and volume of the pro-
gram presentations, the enrollment in the spe-
cial courses conducted prior to the seientific
wmecling, and the number and caliber of scien-
tific exhibits and demonstrations all bear wit-
ness to the fact that this Academy has pro-
gressed well bevond its organization period.

The American Academy of Neurology is
now faced with the need of providing for de-
velopment and expansion in a careful and
considerate  fashion, keeping our aims and
goals in mind, being realistic and perhaps ven-
turcsome at times, and evaluating the increas-
ing demands of a rapidly expanding organiza-
tion,

This is the first meeting where a section
activity: of the Academy is included. In less
than a sear’s time the Section on Neurochem-
sty has reached a point far bevond expecta-
tu. Furthermore, the large munber of pres-

cotations that warranted  program  participa-

Hon has made it necessary for the program
“anitlee o schedule scientifie sessions oper-
i concarrently, These featnres of the 1957
wieting undoubtedly represent the total needs
4 rapddly expanding membership and also
il el e inereasing importance of the role
<t newrology s plaving in American medi-
e Mot oonly s this true of neurology in
“is country, Dut also of neurology the workd
srers judged by the growth in distribution of
SLUBDLOGY, the official jommnal of the

American Academy of Neurology, to all parts
of the globe.

This progress seems to vindicate the vision
and hopes of the founders of the Academy.
No doubt, it also creates some consternation
among a few of the membership who may
prefer restriction of these activities. How-
ever, we must meet the demands of the times
realistically and be experimentalists sufficient
to lead this developmental phase with well
maintained guidance and control. The mem-
bership must have confidence and faith in the
officers and trustees to guide this expansion of
activity and to assure that this progress con-
tinues. .

This preamble leads in a fitting manner to
the topic of my address to you. It consists of

a preliminary report of a venturesome experi-

ment, but at the same time it expresses a
cautious, experimentalist 'zppxoach similar to
that which faces the Academy in its expan-
sion. In this instance, it represents a two-year
venture in a therapeutic approach to the con-

tinuing problem and need of therapy for a.

large segment of ncurologic disorders, the de-
generative disorders, for which in the past we
have had little to offer beyond recognition of
the disorder.

In this two-year venture, observations made
in the course-of investigations of disorders of
other character, in which metabolite dcficien-
cies occurred, oftered sufficient background to
study some of the degencrative disorders.
From it has emerged unanticipated degrees of
change sufficient to encourage further etforts
From the Univeristy of Texas Medical Branch, Galveston,
Texas,

Presidential address delivered at the ninth annual mecting
tl»f);!;v American Academy of Neurology, Boston, April 24,
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toward more specific therapy, as well as de-
termination of etiology and pathogenesis as it
applies to some of the so-called degenerative
disorders of the nervous system, with or with-
out the hereditary consideration. In this study
a selection of two degenerative groups was
made, the nuclear amyotrophies and muscular
dvstrophy. The selection was based upon de-
generative and hereditary features that both
present, particularly because of similarities in
metabolic failure.

The nuclear amyotrophies represent a large
group of clinical syndromes, depending upon
location of the nuclear changes. They include
such disorders as progressive muscular atro-
phy, the infantile forms of spinal muscular
atrophy of Werdnig-Hoffmann and of amyo-
tonia congenita of Oppenheim, amyotrophic
lateral sclerosis, primary hereditary ataxia, pro-
gressive bulbar palsy, progressive chronic oph-
thalmoplegia, familial spastic paralysis, and
Charcot-Marie-Tooth peroneal atrophy.  The
other group, considered under the myopathies,
was progressive muscular dystrophy.

These disorders are characterized by two

features. One is the early breakdown or de-

generation of ganglion cells, such as occurs
in the nuclear amyotrophies, and faulty de-
velopment or early breakdown of muscle tis-
sue, which is seen in the mvopathy group. The
second feature in practically all of these dis-
orders is the high incidence of a genetic fac-
tor, manifesting itself as a familial disorder
or being transmitted from generation to gen-
eration, sex-linked in some instances, recessive
or dominant in the mode of transmission in
others. Another common feature that these
disorders display is evidence of faulty or im-
mature tissue development in infancy or even
in the intrauterine period, or faulty breakdown
of ganglion cells or muscle cells occurring after
what appears to be a normal state of health
for many years after birth.

Our particular interest in these categories
of disorders was aroused by studies relating
to the role that ions or electrolytes play in
metabolic or enzymatic activity associated with
the paroxysmal disorders. In these investiga-
tions we became more and more aware of the
role that certain ions play in metabolic activity
of neuronal and other tissue. In recent years
we have been impressed by the role that mag-

NEUROLOGY

nesium played in metabolic derangements 4, .
have alreadv reported on clinical features .
sociated with magnesium depletion stato, -
In this, our attention was attracted hy ..
alterations of nerve-muscle unit activity ;.
which magnesium seemed to have a relyj.
to tremors, muscle twitchings and jerkh;v.‘
weakness, and ataxia, aside from actual s...
ures states, states of clouded consciousness, .-
toxic exhaustion psychotic manifestations.

In reviewing our studies, it appeared ). ..
influencing nerve and muscle function in sy.
disorders as the nuclear amyotrophies and dv.
trophies might conceivably alter or overcon..
defects which existed in these disorders d.
to lack, deficiency, or inability to metaboli-..
critical ingredients or metabolites. Possii!:
the derangement of metabolic disorder mighe
be corrected, reversed, or stabilized by s;xp.
plying necessary enzymatic or other biochen:.
ical factors similar to those encounlered in
magnesium depletion states. We also assumel
the presence of an inherent, genetic factor in
these altered metabolic states. In the previews
studies, magnesium seemed to play a necessar
role in the completion of biochemical functions
in both nerve and muscle tissue. Furthermore,
the metabolic role of magnesium and othe:
jons appeared to have some relation to th-
gene factor present in heredodegenerative dis:
orders. '

- Such a concept should not be so unusual,
in view of our present recognition of the im-
portant role that specific vitamins play in ths
nervous svstem in deficiency states, such as
pellagra, beriberi, and the anemias where.
there may not only be a true deficiency, it
where restoration and maintenance of certait
nerve cells and pathways depend upon a cou:
tinuing supply of many times the normal co-

_centration of a metabolite.

By a somewhat similar but a differing mech
anism, there has been a growing approach t:
another nervous system disorder, hepatolentic:
ular degeneration or Wilson's discuse, whidk
gives evidence of linkage with abnormal cop
per metabolism and other metabolic defect-
In this disorder, there is impairment of nur
mal blood serum ability to bind coppe
presumably by a plasma protein constitues
ceruloplasmin, due to a deficiency of this p
ticular plasma protein. As a result, there »
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too much free or unbound copper present in
the blood and urine. Just how these factors
¢nter into production of the lesion is not well
understood. Yet the copper and amino acid
metabolic derangement in Wilson’s  disease
seems quite definitely characteristic in the af-

focted individuals and often in others of the

family.?

Inasmuch as nerve cell biochemical proc-
esses are intimately related to the proper func-
tion of intracellular enzyme systems, which
usually require a step-by-step completion of
their biochemical assignment in normal cell
life. failure to carry these processes through
to metabolic completion seems to offer many
opportunities where intracellular activity might
be altered or break down. The biochemical
processes are not necessarily confined to intra-
cellular activities, but may also be critical for
tissue membrane or extracellular activity.

Nucleoprotein activity and phosphorylation
stand out as prominent factors in nerve cell
activity. What is known of genes is that they
are complex nucleoproteins having the prop-
erties of self duplication and ability to mutate
or fo alter biochemical activity. Present day
concepts, supported by strong suggestive evi-
dence, indicate that genes direct development
and other functions intimately related with the
biochemical activities of the organism during
embryonic development, or even if develop-
ment seemingly has reached a normal or com-
plete state.3 Preliminary deductions regarding
muscular dystrophies seem to indicate that one
is dealing with a disorder which, in all likeli-
hood, is a congenital defect rather than a de-
generative - change later than that occurring
after cmbryonic life.t

Recent experimental work on gene activity
indicates that a biochemical factor is respon-
sible for producing differentiation of cells. The
{ator identificd in living tissue is ribonucleic
wid. In further experimentation this factor
was proved to have the ability to initiate cell
Jerentiation if ATP (adenosine triphosphate)
was added. Tagged ribonucleie acid protein
wos shown to be taken up by the differentiat-
iy cells, This suggests that specific types of

ibonneleie acid may be the indncers of spe-
alic proteing, particularly  enzymes, which
iake cell types differ from each other. There
are additional elues that. as tissues differen-

.

tiate and mature in the embryo, they may
elaborate substances which have the ability
to inhibit their still undifferentiated cells from
following in the same pathway of specializa-
tion.3

In this fashion there seems to be a very in-
timate relation with biologic activities, once
the organism tissue becomes complete and is
apparently normal. However, the gene direc-
tion of biochemical activities or future bio-
chemical activities and events results in altered
biochemical states. This reduced or altered
relationship results in misdirected activity and
the result is a so-called degenerative disorder.
Gene activity may also be responsible for elec-
trolyte or ion disorder involved in metabolism.
An example of this is found in familial periodic
paralysis, a dominant hereditary affliction due
to a potassium metabolic disorder. In some
instances of this disorder there may also be
muscular atrophy, in addition to episodes of
transient paralysis.

Such recognized biochemical abnormalities
due to genetic mechanisms are thought to
cause specific effects which will result in ab-
normalities, such as an abnormal binding of
potassium in family periodic paralysis or, in
hepatolenticular degeneration where a defi-
ciency may exist in a particular protein’s abil-
ity to bind copper, aside from an alteration
which influences the kidney threshold for cer-
tain amino acids.

Therefore, considerable seems to be known
or observed or postulated for such conditions
that permit one also to apply these concepts
to other hereditary disorders or degenerative
diseases as they affect nerve or muscle tissue,
such as in the nuclear amyotrophies or in the
myopathies. In the dystrophy group one may
actually be dealing with a congenital defect
which later in life is manifested as a tissue
metabolic. alteration or breakdown or degen-
eration. This same characteristic may well
apply to some of the other hereditary degen-
erative disorders of the nervous or muscular
svstems, whereas formerly this feature was ex-
plained on the basis of abiotrophy.

In a somewhat similar light, we understand
better how exogenous toxins, such as arsenic,
influence nervous system metabolic activity by
a blocking effect or competition for a critical
subslan.ce necessary to maintain normal neural
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strucinre activitv: s @ resu’t a degenerative
¢tange in the natere of 2 neuropathy ooturs.’
. At 2 previous Academy meeting. 3 new kind
of attzck on erilepsv was launched upon find-
ings suspecting & basic defect in bady chem-
istrv. with the hope that regular intake of in-
aredients would lezd to the comection of a
metzbolic defect and control of epilepsv by
mazinteining and adequate intike and maintain-
inz in nerve celis twa important biochemicals,
glutamine and asparagine. In these etorts was
represented the contribution of amino acids
for utilization of a supply of energy for the
deficient nerve cell in the hope that this would
influence a biochemical lesion in the brain tha

causes cpilepsy. By correcting a deficit of crit-
ical ingredients found in nerve cells in areas
from which seizures were arising. it was hoped
that control of convulsions by such means
might be obtained. rather than by medications
which function by depressing nerve cell activ-
itv. The biochemicals would. in this sense,
assist in replacing specific nerve cell deficiency
that leads to convulsions.® h

We were particularly impressed by the role
that ions plaved in metabolic processes. Inas-
much as one of our interests originallv con-
cerned magnesium, we began to interest our-
selves even more in its relationship to other
metabolites or the combinations with other
metabolites that might constitute critical fac-
tors in maintaining healthv nerve or muscle
cell activitv. The fact that many enzymatic
reactions were accelerated by sufficient pres-
ence of certain ions. or where completion of
biochemical processes did not occur except in
the presence of certain-ions or other metabo-
lites, led to evaluation of the effects of sup-
plying ingredients to individuals who had de-
generative nervous system disease. Important
in the functioning of nerve and muscle cells
seemed to be two major ones, whereby favor-
able utilization of carbohydrate metabolism
and the adenylic system might indicate that
critical ingredients involved might also pro-
vide key metabolites to restoration and main-
tenance of function, provided tissue changes
had not already reached irreversible stages.

In this evaluation it became apparent that,
in the process of the breakdown of glucose,
high energy phosphate bonds were created as
a result of the adenylic system activity. In
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axation. The universal source of 1.
iste energy for activity of nene
muscle tissue, as well as other :
adenosine triphosphate {ATPY.
tered into the sctivities that peatein to o
impulse conduction. contractilitv of
and secretion. Considered important v -

investigators is its relationship to the praiiv
wherebyv  production of acetyleholine
nervous tissue. 1t had already been rew
that the action of ATP was markedly v
tiated by the administration of magnev o

colvsis some phosphate group transferenc. a
accelerated by sufficient presence of meone
siuma and cobalt ions and other fons.? '
Elaborate metabolic processes are joser
in carbohvdrate breakdown, and the prc-re
of certain metabolites is necessary for the wor
pletion of the metabolic reaction. Theso .
clude. among others. adenvlic acid (precase
of ATPY. magnesium or manganese ious.
thiamine and methionine. Other enzvines -

‘volved in muscle phesphoryvlation are the phos

phokinases. These all have the common oy
erty of requiring the presence of magnesin.
Thiamine is one of the phosphokinases. ATE
also plavs a role in formation of creatine. which
could be important in muscle metabolism in
that creatine phosphate present in muscle acts
as a reservoir of available energyv. In the phos-
phate energy reactions a dependeney coul:
exist upon the concentration of an fon. nnig-
nesium, to form the complexes relating to ATT.
and, conceivably, this might be an impovtau
factor. In the complete absence of magyesinm:
the enzvme factor has been known to remain

inactive.

Person in 1955% had postulated that in pro-
gressive muscular dyvstrophy there was an iu-
herited or acquired derangement in the con
bination between the iron-actomyosin and ATP
which causes muscle contraction. An expla:
tion for the reduction in creatine in progruessiv.
muscular dystrophy was secondary to reducdd
or available ATP, according to his concet
He likewise referred to the need for presi:
of iron for the phosphorus uptake of actou:
and indicated that a part of the iron in musc..
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is in an as yet unknown type of combination
with the actomyosin. Szent-Gvorgi® could ini-
tiate muscle contraction with the action of
ATP. He further reported that Reinhold and
Jingsley!® contended that there is a reduction
of the absolute quantity of ATP per gram of
muscle in muscular dystrophy. Person felt
that, in the final analvsis. the creatine and
phosphocreatine disappear more quickly than
the ATP; he felt that the essential factor was
the reduced total content of ATP in muscle
and that active muscle is replaced by fat and
connective tissue eventually as a result of these
alterations.

Nerve and muscle tissue have factors of
metabolic importance in common in their me-
tabolic activities. In the nuclear amyotrophies,
as well as in muscular dystrophy, progressive
muscular atrophy, amyotoniu congenita, and
very likely also mvasthenia gravis, lack of de-
rangenient of proper metabolic activities is
under suspicion, Detecting the key defects in
these abnormal metabolic processes or de-
rangements offers some clue, leading to a cor-
rection of the biochemical lesion or proper
muintenance or sustained physiologic func-
tion by. such correction. These may involve
processes intimately related to intracellular en-
zyme svstems or cell surface or membrane
activities. Many of the disorders have genetic
factors involved, suspected as being nucleo-
proteins in nature. Carbohydrate glveolvsis
and nucleoprotein linkage in phosphorvlation
necessary for proper nerve-muscle function

~seemr Lo be well established.

Because of these considerations and because
time docs not permit us to go into the com-
plexities of the involved Dbiochemical factors,
-our interest in key metabolites and jon activity
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phosphorylation needs are known to exist in
brain tissue as well as in muscle tissue. Sup-
plying added sources to contribute to improve-
ment of function of nerve and muscle tissue
was attempted by the administration of 1)
adenylic acid in the form of adenosine-5-mono-
phosphate, commercially available as My-B-
Den; 2) thiamine hvdrochloride orally, or Beta-
methiscol, for its thiamine, methionine, and
choline content; and 3) magnesium gluconate,
Choline was felt to be desirable for muscle
metabolism, These were given in the following
manner: My-B-Den (sustained action form)
was given in a 1 cc. intramuscular injection
in the gluteal muscles three times per week.
Thiamine was given as a single 100 mg. dose
orally each day, or Beta-methiscol was given
in 1 tablespoonful amounts three times daily.
Magnesium gluconate was given in 250 mg.
tablet form three times daily. A rectal sup-
pository form of My-B-Den has also been made
available for use in young children. Its effec-
tiveness in maintaining blood ATP levels, how-
ever, is only approximatelv 45 to 50 per cent
as efficient as giving My-B-Den by the intra-
muscular method.

The accompanying tables are self-explana-
tory. Table 2 shows the blood and magnesium
serum levels of patients who have been on the
treatment program, as well as some untreated
cases. )

Over 100 cases of nuclear amyotrophy and

.muscular dvstrophy have been observed for

the effect of the therapy approach outlined.
The most surprising in respect to improving

TABLE 1
INCREASE IN BLOOD ATP — MG. PER CENT

50 mg.

. S oy - - . My-B-Den
fed to an effort over a two-year period to note 50 mg, 300 mg.  with 300 mg.
('h‘.!l]\_{{‘s occurring in hereditary d(“_’.(.’]lerut]'ve 50 mg. My-B-Den Magnesium  Magnesium
lis ) Sy e o My-B-Den with Mg. Cl,  gluconate gluconate
tisorders by supplying some of the involved
mctabolites, making more ATP availuble, cata- 0.1 - 03 0.9 11
Wosimer hosnh 1" and infl i o ey 0.3 0.6 0.6 0.8
Vg phosphorylation, and influencing encrgy 0.0 04 0.6 Lo
transfer exchanges which govern physiologic 0.2 01 0.3 1.1

- Troeesses in which carbohydrates, nucleotides, KC 0.1 0.2 0.7 1.3
aid ions are involved. This has resulted in 0.2 1.0 BB 1.2 0.5
. .. . . ! 2
st encouraging clinical responses. The role LK g'g gg 33 (l)o
of magnesium was respected. but it, was dithi- BB 00 o1 0.9 oA
oult to find a magnesium salt which wonld be 0.0 0.5 LK 0.4 07
Siilated  until magnesium gluconate was 0.0 0.0
‘otnd to have such property. The most active KC 0.9 0.0
L3
L]
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638 NEUROLOGY
TABLE 2
Mag- Total -

Name e .. Dz nesium AA ADP ATP Purine

C.u. MS 1.69 0 0 - 59 1 T
M.D.G. ALS 1.73 o 0 72 18.7 B-M
PHW, CMT *1.73 0 0 5.2 - 133 T
G.H. CMT 1.73 0 0 84 I § 5 T
H.R. MY 2.30 0 0 4.9 '19.0 o)
S.F. MD 1.69 ] 0 78 -+, -~ 181 T
J.S. MD 1.58 ] 0 30 . 109 o(uy
GF. MS 2.15 0 0 54 . 88 T
R.B. MD 1.64 0 0 4.9 . 7.8 o(r)
B.K. HA 1.64 0 0 5.4 13 - B-M
R.D. HA 1.52 0 0 64 9.6 B-M
B.S.N. ALS 1.89 0 0 8.0 14.3 B-M

Attention is called to the elevation in hlood ATP and total purine levels in this series receiving ASMP  (My-B-Den),
magnesium gluconate, and either thiamine or Beta-methiscol. Tahle 1 shows the striking differences obtained by various
combinations and dosage of My-B-Den and magnesium chloride or magnesium gluconate, but without either thinmine
or Beta-methiscol. The cases marked U were cases of neuromuscular disorders receiving other medications. The ATP
levels are in mg. per cent. The cases receiving thiamine are designated by T and those receiving Beta-methiscol are

designated B-M.

or maintaining function has been the mus-
cular - dystrophy group. Amyotrophic lateral
sclerosis likewise has presented clinical courses
not usually observed in untreated or empiri-
cally treated cases. Several in this group have
made apparent dramatic recovery but also
have given evidence of continued need of sup-
portive or maintenance courses at intervals
when indications of recurring signs or symp-
toms appear. In the group of nuclear amyo-
trophies have been included cases of family
hereditary cerebellar ataxia and Friedreich’s
ataxia with variants, such as ophthalmoplegia,
where improving function has been noted.
One case of nuclear amvotrophy with bulbar
involvement of severe degree with difficulty
in deglutition, swallowing, and saliva control,
intrinsic muscle atrophy of the tongue, and
weakness of the erector capitis groups showed
progressive improvement to the extent that the
patient requested permission to return to his
former full-time occupation.
Approximately 25 to 30 per cent of the cases
- continued to have a progressive downhill
course, and it may well be that other key me-
tabolites are involved. Also, at the beginning
of our study, cases were included regardless
of the stage or phase or duration of the dis-
order. It would be unnecessary to state that,
if any influence was brought to bear upon
these states, already irreversible chunges would
not be altered. In the latter period of study,
cases were selected in the early stages of the

\

disorder but where the clinical and other find-
ings were in support of the diagnosis. In a
number of instances, however, trial periods
were given in advanced cases, purely beciuse
of the humanitarian aspects of the care and
management of such cases. The decision of
trying out the proposed therapy was lett to
the patient and the family, both being fully
acquainted with the fact that it was a thera-
peutic trial. - .

Work in continuation of this approach is
being carried on, considering other defects
that may be responsible. Improved tissue and
fluid assay methods, neural and muscle tissue
culture, and model observations give promise
of help in determining factors to be taken into
cousideration. Precursors and other bases are
also being studied for evidence of deficiency
or intermediary interruption of their biochem-
ical or metabolic assignment.

The information presented must not be mis-
construed as something equivalent to a cure.

It is presentcd in the nature of preliminary
observations upon the effects of the course of

some degencrative disorders over a two-yeav
period. It could well be that merely making
more ATP available will only sustain or assist
function temporarily and that actual correc-
tion of the degenerative process may require
other assistance.

This paper is in the nature of a preliminuy
report in respect to meeting a continuing chal-
lenge that is presented in neurology by the

v gy —

e

TN




e it St 4 m ot = bl bt ket s b IR SRR R s O i

TREATMENT OF HEREDODEGENERATIV E DISORDERS 639

Jereditary degenerative disorders. An experi-
mental approach to such problems has been
presented, with the underlying postulates. It
i onr hope that, with the enthusiasm and in-
torest which this Academy has provided, the
potentialities of unraveling the mysteries of so
mony disabling nervous system disorders can
be realized by many in this organization,
' through the concerted effort of neurophysiolo-
© gists, neuropathologists, neuropharmacologists,
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1 Epilepsy varies not only as to its form and degree, but as to the duration of the
paroxysms, and the time of its return.. Accounts of great varicties in these respects,

might be adduced from numerous authors.
minutes, or for many hours. In the case of

The fits may last for a few seconds or

a girl twenty years of age, the paroxysms,

though not very strong, always lasted for fourteen hours. The ordinary duration of
_these attacks, is from ten to twenty minutes, when, the disease having arrived at its

appear.

height, the respiration hecomes wmore slow and easy, and the other symptoms dis-

John Cooke in A Treatise on Nervous Diseases,
published in 1824.
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EFFECTS OF MAGNFESIUM SULFATE, CALCIUM CLUCONATE,
POTASSIUN CHLORIDE AND AMMONIUM CHLORIDE ON
THE URINARY EXCRETION OIF MAGNESIUM IN PATIENTS WITI
IDIOPATHIC CARDIOMYOPATILY AND CONGESTIVE

HEART FAILULLE® -

. By R. K. Lazzara, M.D.
INSTRUGTONR IN MEDICINE

T. K. Yun, M.D.}
INSTRUCTOR IN MEDICINE

AND

C. E. Burcn, NLD.

HENDERSON PROFESSOR OF MEDICINE

(From the Department of Mediciue of the Tulane University School of Medicine
and Churity Hospital of Louisiana, New Orleans, Louisiana)

Tue ceffects of magnesium sulfate,
caleium: gluconate, potassium chloride
amdd ammonium chiloride on the rate of
wrinary excretion of magnesium  and
nther (‘,lcclr()l}'l('s have been studied
previously, Towever, most of  these
studies were confined to acute experi-
ments on normal animals or man and
the results  are contradictory.  This
study was performed on a daily basis
in 2 patients with chronic congestive
heart failure and one control subject
continuously  for  scveral
weeks,

Material and Methods. Three adult females
A the Charity Tospital in New Orleans were
Hulicd, Subject B.S., aged 44 years, weight
5 L, with psychoncurosis, served as a con-
!rnl Patient N ML, aged 19 vears, weight
O ke, had idiopathic cardiomyaputhy  and
thronie: maderately severe congestive heart
f.-ihmu Patient O, 1., aged 56 years, weirht
ke, had idiopathic cardiomyopathy and

Tmie severe refrctory congestive  heart
Falure, Botly paticnts with heart Failure were
“omainlenance digitalis. Al of the subjects
e under metabolic study conditions for o

month before the varions salts were given.
They were kept in bed und fed identical
dicts containing approximately the following
amonnts of clectrolytes per day: Na, 1 g.;
ClL 1 g K, 2 g Mg, 0.93 gm.; and Ga,
I gme Daily urine specimens were colleetdéd
from approximately 8 aan. 1o the next 8 am. A
period of 6 1o 10 days served as control,
Twelve williliters of 505 MgS0, were given
intraruscnlarly wt 10 . ou the fiest day of
the experimental period; 30 ml, of 104 KCl
were given ordly in divided doses at 10, 11
and 12 al. on the third day; 40 ml. of 10%
caleivm gluconate in 500 ml. of 5% glucose
were given intravenously from 10 am. to
3 pan. on the fifth day; and 9 gm. of NI, Cl
were given orally in divided doses at 8 aan.,
2 pan. and 4 pan on the seventh day,
Sodium and polassium were  determined by
conventional  (hune photometry.  Magnesium
and calcium were also determined by flane
photometry (Zeiss PMOIL with double mono-
chiromator)  according to the method  de-
seribed by Maclutyrett, Chloride was meus-
ured by the method of Schales and Schalests,

Results, conmorn vinion, The daily
rates of wrinary exeretion of Mg and
other electrolyvtes in the 3 subjects dur-
ing the control period are summarized
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TABLE 1.—THE MEAN. STANDARD DEVIATION AND RELATIVE VARIATIONS* OF URINARY EXCRETION
OF WATER AND ELECTROLYTES DURING THE CONTROL PERIODt

Coutrol Subject BS

Mean = =D
wmEq. or ml, per day)

Relative variation
(pereent)

Mg

3.60 = 1.8

82

Patient MM (moderate CHF)

Mean = SD
{mEq. or ml. per day)

Relative variation
{percent)

Putient OF (severe CHF)
Mean = SD
(mEgq. or ml. per day)
Relative variation
(percent)

Xormal Range?
(mEq. or ml. per day)

4.78 == 1.70

36

2,32 = 0.66

26

1.80-23

Cu

5.66 = 2.32

"

0.35 = 0.16

46

0.50 = 0.12
24

2.50-21

K

35.6 = 10,0

28

343 = 8.0

23

18.1 = 1.4

285-126

Na

388 = 11.1

20

61-338

Cl

46.5 = 13.3

33

31.1 = 10.0

32

10.8 = 16.8
85

63-380

S
* Relative variation is expressed as percent ('t" , where SX und X are the standard deviation and the mean respectively.

+ Control periud wus 10 days for Control Subject BS and Patient MM (moderate congestive heart failure) und 6 days for Patient OJ (severe congestive heart

failure).

e gy —

Volume

1124 = 302

27

915 = 288

31

495 = 118
.24

1430-4100
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a Table 1. The normal ranges for  the rate of excretion of Ca was also
amal subjects under ~ ordinary - dict wnusually Jlow in the paticnts with con-
al activity are shown for comparison  gestive heart failure. The  standard
Elliot?). In the 3 subjects studied the  deviations expressed in pereentages of
s tes of urinary exeretion of Na and Cl the respective means for relative varia-
were all below the normal vange and — tions  (Baneroft*) ] for all the para-
Per Cent Change in Daily Urinary Excretion of Electrolytes and Water
Following Administration of Various Salts.
@ & -
: : :
Salts S ~ » S~
L. : 3 3 G [ 3
ndmwstered(%'_’,: B.§ VS’B 3% S E;‘%
¥R I ¥R = ¥FRES
Mg MgS04 : 6 gm. M.
KCI: 9 gm. PO.
500 1 Ca gluconate: 4 gm. LV.
NHCI: 9 gm. PO,
. p .l 7] .. 479340 men [ 2524132 meg
0 - - s
Co '
500 '
... 3662454 meq ] _1-1 ’’’’’ 0501024 meg
K
500
g
§ - ... 3551200 meq .
- 0- -
S L e e ,
8
N c
€
O L]
O hamd
500
4651306 maq Mis200mee | ..., 1981336 meq
Ot e *ED}Z‘—— o He—
Hzo R R 3
500 :
. heeeosm | wsesmm | oy 4236w -
I 3 5.7 Days 1 35 7 Days I 35 7 Days
! Subject BS.{control) Subject MM.(mod CHF)  Subject O.J.(sev. CHF)
brg, ll.—l’vr('(-nt change, from the respective means during control periods, in daily urinnryb
‘vretion of electralytes aud water Tollowing administration of varvious salts. "The broken lines
uote 3 grandard deviations (95% confidence limit) graphed as percentares of the respective
“eans dduring the control period (see Table 1), Phe absolnte values for the means and 2
Mavbard devigtions are shown. The control periods were 10 days for control subject B S,
; andd Patient M, M. and 6 days for Patient O, J.
; A
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meters were 23 to 462 exeept in the
patient with severe congestive  heart
tailure (Patient 0. J) in whom the
relative variations for Na and Cl were
S88% and 854 respectively and that for
K was 7%.

INTRAMUSCULAR  ADMINISTRATION OF
(3rgsor.) The rate of urinary excretion
of Mg on the day of admiuistration of
MgS0; was significantly (over the 95¢
confidence limit) incrcased in all the
3 subjects, the increments being 7407
in Subject B.S, (control subject); 4007
in Patient M. M. (moderate congestlive
heart failure) and 1504 in Pationt 0, J.
(severe congestive heart Laiture ), The
response continued to the postmedica-
tion day in the 2 patients with con-
gestive heart failure, the excretion re-
mained 3005 higher than the respective
means of the conlrol period for hoth
patients. The rate of urinary excretion
of Ca was also siguificantly increasced
in all the 3 subjeets. Patient M. M. had
the highest increment,  heing 7504
above the mean of control period on
the medication day and 3607 above
the mean on the postmedication day.
Excrction of Na was increased to 150%
above the mean of control period in
Patient M, NI only. Xixeretion of K, CI
and 11,0 was not siguilic:mlly altered
(Fig. 1). |

INTRAVENOUS ADMINISTRATION OF CAL-
CIUM GLUCONATE. The rule of urinary
exercetion of Ca wag significantly in-
creased in all subjects after administia-
tion ol the calcium  gliconate, the
increments  being grealer and  more
prolonged in the 2 patients with con-
gestive heart failure, The effects of Mg
excretion were similar o that of Ca
but less marked. Fxeretion of N was in-

‘ereased in both patients witl, congestive

wart failure but not i the control
subject. Signilicant increases in the
rate ol excretion of Na, €1 and 11,0
occurred only in patient AL\, (1Mig. 1),

ORAL  ADNONISTRATION  oF Kol The
rate of uriniry  exerclion of K was
significantly increased on the day the
KCI was administered in Subject B, S.

(control subject); and on the post.
medication day in Patients M, M.
Q0. J- Excretion of Mg was illt'l‘(';lst'({
only in the patients  with congestiy,
heart Tailure, being  greatest on the
postmedication day. Significant increay,
of Ca exeretion was seen in the patien,
with congestive heart failure only o,
the postmedication day. The rates o
exerction of Na and Cl were signifi.
cantly inereased in control Su])j(‘ct\li. .
on the medication day, in Patient \[, \Y)
on the postmedication day and wee
not changed in Paticnt O, J- A\ sianifi.
cant inerease of 10 exerction oceurry]
in Patient N M, only on the: postinedi.
cation day, (Iig, 1).

ORAL ADNDINISTRATION OF NIT,CI, T
rate of urinary exerction of Cl and My
was not signiflicantly affected by the
oral adininistration of NIIL,Cl in all the
3 subjects. Exeretion of Ca was signili-
cantly increased in hoth patients withy
congestive heart failure on both the
medication and  postmedication days.
Excretion of K was significantly in-
creased only in Patient O, J.» whereas

exeretion of Na was significantly in-

creased only in Patient M. M. (Fi:g. 1).

Discussion. A decrease in the rate of
urinary excretion of K following the
administration of MgSQ, has. been re-
ported previously  (Barker, Elkinton
and Clark®, Tleller, Hammarsten and
Stutzman?, Jabir, Roberts and \Wom-
crsleyte, Womersley®™), It has long
been known that aglomerular fish ex-
crete: Mg by renal tubular scerction
(Bicter'), Renal clearance of Mg had
been found to exceed glomerular flira-
tion rale during constant infusion of
large amounts of Mg in dogs (Llkin-
ton®) and also in a patient with tubular
alkalosis — (Schales  and Schales'™).
Furthermore, direct evidence of tubular
scerction of Mg had  heen shown i
dogs by the stop flow technique (Cinn
el al®). Theeefore, the concept of
tubular sceretion of Mg in a manner
similar 1o that of K was suggested:
and the findings of a decrease jn the
rate of cxerction of X following in-
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pion of MgSO were explained on
the basis ol competition for tubular
vorelion hetween Me and K jons
CHeller, Hammarsten and Stutzman®),
However, infusion of MeCl: was foungl
o be associated with an increase,
wither e a decerease, in K oexceretion
samiv, Brown and Globus™) and the
Llministration of KCL was not cousis-
tonthy accompanied with decrease in
the rate of urinary excretion of Mg
 Jabir, Roberts and Womersley™). In
this study, the exeretion of K was found
st to he significantly influcnced by the
wministration of MgSO,. Furthermore,
the exeretion of Mg was dncreased fol-
bwing the administration of KCl in 2
of the subjects. Therefore, tubular se-

“uetion of Mg might not follow the

wame pattern as that of K, it there is
anv tendeney for this Lo exist, )

The increases in the rate of urinary
ewaetion of Mg and Ca following the
ahuinistration of cither of the two ions
has heen reported by others (Ardill
o all, Barker, Elkinton and Clark?,
Walser's, Womersley®). The theory of
“common renal tubular  reabsorption
mechanism” (Samiy, Brown and Glo-
st Wolf and Ball®*) for both of the
bivalent cations scems to be true. In
the 2 patients_ with chronic congestive
heart Tailure, the cffects were even
more marked and prolonged than in
the control subject. This suggests a
decreased  total r absorption capacity
for the cations in the patients with
thronie congestive heart failure,

Fxeretion of Na, Cl and IO was
wt - significantly  altered by either
MaSO, o caleium gluconate in this
tudy except in Patient M. M. She also
hanl " e greatest clinical response to
:!inn-li('s (Yun, Lazzara and Burch?®'),
Hie Prolonged Tow salt diet might have
“lributed to the failure to respond
" these jon,

No consistent ¢fTect on urinary ex-
etion of Ny following the administra-
iom of KCI has been reported (Barch
“Cal®), In this study, Mg exeretion
Was increased following the administra-
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tion of KCI only in the Patients with
chronic congestive heart failure, The
relative increases of the rapidly ¢x-
changing Mg mass in the paticnts with
chronic congestive heart failure, as re-
ported from  this laboratory  (Burch
et al®) might have contributed to this
difference. The diuretic and natruretic
cflects of KCL (Pitts'™) were scen in
Subject B. S, (control subject) during
hoth the day of KCI administration and
the next day and also in Patient M. M.
(moderate congestive heart failure) in
the postmedication day. Palient O, J.
(refractory  congestive heart failure)
showed no response. This conformed
well with the clinical state.

Increase in the rate of urinary exere-
tion of Mg and Ca tollowing the admini-
stration of NILCI has heen observed
previously (Jabir, Roberts and Womners-
ley', Martinand Jones'). Tncrease inthe
diffusible fractions of these ions due to
acidification had been suggested as an
underlying mechanism. In this study,
the rate of urinary excretion of Mg was

“not changed in any of the 3 subjects

whercas the rate of urinary excretion
of Ca was significantly increased in 2
of the subjects (Fig. 1). Also, following
acctazolamide the rate of urinary ex-
cretion of Ca had been found (o in-
crease markedly whereas the rate of
excretion of Mg was somewhat  de-
creased (Barker, Elkinton and Clark?).
Therefore, acidification cither by NH,
Cl or by acctazolamide influenced
(liﬂ(emntly the rates of urinary exere-
tion of Mg and Ca, and must not be
the sole cause for the change in the
rate of urinary excretion. Tubular han-
dling of available cations to maintain
('l('c(r(m(*ntrulil_\' in the urine following
the administration of NH,Clnight also
have  contributed  to the  observed
plicnomena,

Summary. 1. The rate of urinary ex-
cretion of Mg and Ca was incrcased
by parental administration of cither of
the two dons in a conlrol subject
and in 2 patients with chronic congestive
Lheart failure, In patiends with con-
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gestive heart failure, the effeet was
prolonged  and  continued  into the
postmedication day.

2. The rate of -urinary excretion of K
was not decreased following parental
administration of MgSQy in any of the
3 subjeets. The rate of urinary exeretion
of Mg was increased following oral
administration of KCI in the paticents
with congestive heart f[ailure on both
the day of medication and the post-

medication day. The physiologic Sivnyi
canee on tubular secrction of My y |
discussed, t

3. The response of the patient .
maderate congestive heart Lailure o,
the control subject was arcater ..
that of the patient with severe o
gestive heart [ailure with an inere,..
in the rate of urinary excretion of \,
Cl and ILO following the adminisy,.
tion of various ions. :
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; STUDIES ON CALCIUM ‘
‘ L SOMIS COMPARATIVE PHARMACOLOGI( EFECTS
. : R FOLLOWING THI INTRAVENOUS INJE "T'ION oF
,Tg CALCIUM LACTATE AND CALCIUM GLUC ONATE
37 : IN UNANESTHETIZED DOGs ’
I
53, : ARNOLD L. LIEBERMAN, M.D,
] * From the Hull Plysiological Laboratorics of the Unieersidy of Chi ‘ago
-1, 1011, : .
’ 1 Received for publication June 21,7930
scul. and . . . . .
- It scemed advisable to determine by a scries of homo lynamie
Therap.,, and respiratory studies the comparalive effects of caleiun lactate
and calcium gluconate upon unanesthetized dozs when injeeted
d intravenously. Because it is well known that ancsthosia renders
- animals much less sensitive to small doses of drugs (1) and may
even reverse results obtained in the absence of “unesthesia (2),
(3) and beeause, clinically, anesthesia is not used during this
type of medieation, it was desired to olain results under condi-
! tions in which anesthesia did not enter as a factor, .
! i
;- METHODS

Apparently healthy dogs of average size (& hem.) were used,
Under very light ether anesthesia aud with ordirury tseptic pre-
: cautions, the carotid artery on one side was connulated.  The
! neek was bandaged with the eannula left in plice and the dog

was allowed {o recover from the ether anesthesin., One hour
) later the dog was injeeted subcutancously with ' eran of mor-
, bhine sulphate,  After another thirty minutes had clapsed, the

' dog was placed gently on the table and the earhula conneeted
i with the u=ual mereury: manometer. - pneumogeaph was
‘ strapped 1o the chest and attached to a tambour for registration
{ of the respiration.  After taking a normal biood pressure and res-
! 'Work done under grant from Sundoz Fund,
- ‘ THE JOUR. OF PIIARM, AND EXPLR, TihRAar, VOL, X1, No, |
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piration record. ealeium gluconate in 10 per cent solution was in-
jeeted intravenously with cuch slowness that about iive minutes
were consumed in the process. About 30 ce. of the solution was
all that the average S-kem. dog will stand without showing murked
distress. This amounts 1o about 33 to 40 mgm. of caleium lon
per kilozram hady weight. Records were taken for one-half to
one snd one-hall hours after injection. By hat time all effects
of the infection had usually disappeared. The dogs lay rather
auietly inuroom from which all extraneous <timuli were excluded
as muich as pos=sible. Finally, the carotid was tied off (again
under aseptic precautions) and the neek wound sewed up.

Theee 1o five days later the sinie procedure was repeated using
the other carotid artery this time for the registration of the blood
p:vé:?‘.t't"'::hd Leart rate bt injecting ealvidin Leetate instead of
calcium gluconate. An equimolecular amount of caleium in the
form of caleium lactate was dissolved in an cqual amount of
water.  In this experiment it was necessary to use 1.5 grams of
caleium luctate in 30 cc. of water this amount furnishing about
the same number of culeium jon as.does 30 ce. of the caleium glu-
conate, Sandoz.

The next. dog was subjected to the same tvpe of experiment
but in reverse order, i.c., the calcium lactate was injected first;
and the calclum gluconate was injected intravenously three to
five duys later. ‘

In this manner a total of cight dogs wus uscd, the two calcium
salts being rompared on one and the same dog as just discussed.
Tt was thought that in this way a much better comparison of the
two calcium sults could be made since idiorynerasies of individ-
uzl dogs were thus climinated.

. _ RESULTS

The most significant values for blood pressure and pulse rate
are =hown graphically in fizures 1 and 2. Tt can be seen that
the blood pressure rises quite promptly on injection of each
caleium =alt. At the end of half an hour the blood pressure fol-
lowing 1he injection of caleium laetate had almost returned to

gor: . With caleium gluconate, however, the hemodynamic
! H
e
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coffect persists and s <ometimes <till present one and one lr.xlf
 hours after the Intravenous administration.  The pulse raje
findings are interesting. With the lactate salt a very prombt
Jowing was obtai -ore off i i o
g btained but the cffeet wore off rapidly, heing almost

-

rone at the ¢nd « an hour g :
& d of half an hour. With the ealeium glieonate,

Fi6. 2 *

. owev - a0 . '
g)\t\ed\cr, the effect, while slower to make itself manifest.. per-
sisted 2 much longer time. At the end of half an hour, the pulse

by vqe ot . -6 .. 2% 1t 3

t;})te ;\ as still slowed by a third and, although it is not seen on
e c.xm-t, at the end of two hours some dogs xtill showed a v

definite bradyeardia.
Another very interesting,

ery

even if somewhat disconcerting,

O
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sure in s cenles was the aeerdont of ntravasesior ¢‘l~v”;Yl"'
Do injecting ii.i)"x‘\'("m‘.l\]\’. It one of the dogs the folloving
\‘_.M-!lvd. Wil be '..uul RTLT llllul [SH mmm netate ~-».Hlum,
. dowr which Bad been ve Iy oconort able, sud. leniv developed

oent di--nh'.:;..;.am' soremn aind b huneer b eradundly re-

B! y:-rr-»r:m-u and a small ante-moriem elot was fourd in the
Groventtedes Another dog appecred entively condortible
Jeoseeelving intravenous cabeinn ginconate. Without iy
r.;f: cand at the conelusion of the njeciton the dog gave sev-
" :.u,» gasps and died. A Larae, fresheelot Hled the eutive
AU heart. Inline with this rather sudden intravascuiar clot-
- there was considerable diffienliy in keeping the blood in the
.m.: ae from conguiating—mueh more <o than when other than

an sulis are used. This is of eliniead importatice us 1 kuow
| wm.lv of two aceidenis that happened here in Chicago within
wveur.  Inneither case did the patient die but each dev eluped,
iile receiving intravenous caleium luetate, sudden air hunger,
cphragmatie spasm, ete., =0 that it is reasonable to assume
ut some intravascular c¢lotting had oecurred. I believe that
i is the only real counter-indication to intravenous caleium
crapy but it is certainly a weighty one.  Borbely? as quoted
- Burath observed experimentally a diminution in hemor-
coie tendencies following ealeium injeetions.  Also Szenteh

noted in a series of over fifty deliveries a very definite de- |

<o in the amount of blood lost after he had put these women
i a course of calelum gluconate injections intramuscularly
ven ante-partum. There <eenis té be no doubt that caleium
ry_definitely inereases the cozgulability of the blood.
Auother vory interesting finding and one that has been noted
cothiers 75 s e digitulis-like action of the caleium (6).  Appar-
sy itica p'uu‘pt and direet action on the myocardium.  Arry-
tiias were repeatedly induced hy merely giving excessive doses.
l( omizuble bloek, coupling of beuts, “cte., could be induced.

:‘\

liis ruises the question of whether, in desperate emergencies -

!‘“YUL]‘ as g1oted by Eugene Barath of Bulapest in 2 paper not as yet pub-
od Lut scen by Professor Luckhardt,
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tods and the eaperinient wis terainaed. X neer ey was
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with myvoeardind Tilure, invevenoas ealehnm glueenate miche
not be ol value while wiiting for the digitalic to take hobl,

u"uh.t(u)lh are lmL al u ted in Uy Lote \\ullh\ Wid oy Citis
(‘lllﬂ ]I][(‘('“U“\ (\(L‘])t ' l"'n (’ll\w)P (!nv]u‘.\ are ils (‘1 W 11(!!
Cheyne-Stokes type of hreathing was noted <everal tines.
SUMMARY AND CONCLUSIONS

The setions of caletum sliavenate and ealeinm lactate injected
intravenously have been stadicd on the Blood pressure and pul«e
rate and 1v~pu' itions in a scries of $ unanesthesized dogs,

The maximumdose for this series wius found to be 33 to-in) mgim.
of cadeium ion per kilogram bodv weialy, F.u an s ko
this meant 30 ce. of caleimm gloeonate in 10 ¢

dix
, ~olution orl.5
grams of caleium laetate dissoived in 50 ce. of water.

The blood pressive was found to be elevated by the injections
exeept when exeessive doses were used when there wus o pro-
nounced drop.  The effcet of the gluconate salt was found to
persist for a much longer time than that of the lactate,

The pulse was markedly slowed especially with exleium clu-
conate, with which salt the effect also persisted a mueh longer
time.

Digitalis-like effects were noted repeatedly.

R(‘spxr“tlonq were not affected constantly.  With overdosages
a Cheyne-Stokes type of respiration was noted several times.

The margin between eifective and toxie doses is not areat.

Intravascular clotting is the greatest danger facing intravas-
cular caleium therapy. It gives no warning and the effect can
be sudden fatality. )

Before closing I would like to express my ereat indebiedness
to Professor Luckhardt in whose labora tory this work was done
and whose constant guidanee made it possible.
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STUDIES ON CALCIUM: .

1I. TRINARY OUTPUT OF CALCIUM IN NORMAL
INDIVIDUALS AFTER PERORAL ADMINISTRATION
OF CALCIUM LACTATE AND CALCIUALGLUCONATE,
. il it
! ARNOLD L. LIEBERMAN, MDD,
From the Hull Physiological Laboratorics of the University of Chicayo

)

Received for publication July T 1920

It is of practical value to answer for a given drug two questions:
How much? When? In so far as peroral administration of
caleium salts isconcerned, it seems (o have been taken for granted
that absorption is hetter on anempty stomach and that the cquiv-
alent of 3 to L grams of ealeivin lactate per day is about the right
dose for an adult, except in cases of extreme caleium deficiency
as in hypoparathyroidism when a much larger amount must be
given. It seemed worth while to gather some precise data o1 this
' subject.

e M L P O U San e

‘ METHOD

Although less than 10 per eent of peroval ealeium is exerceted in

the urine, it was assumed that the urinary ealeinm would, never-

theless, serve as a fairly reliable index of the rate of the blood

aleium changes.  Aecordingly, three healthy individuals sub-

mitted to the following procedures. s a control, the individual

voided hourly from 7 am. to 2 pom. He ate nothing (rom

arising to 2 pam. e drank a ghss of water (250 ec.) hourly

from 8 aam. to 1 pan. There were no ather linitations,

, The next day ealeinm lactate was given at S aan. in 250 ce.

~ of water.  Livervthing clse was maintained the same. The
. following day the routine was repeated exeept - that ealvinm
o eluconate was given in 250 ce. of water.  After an interval
@ ' of aday, the order, of caleinm salts was veversed edleium gluco-

Waork done under grant from Sandoz Fusul.
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L 1 awae given frst, enlebim dretate on the seeond  day.
il subjeet Kept aorather detaited record of pertinent signs
ad svmptons such as ahdoeminal discomiort, nai=e, head-
e, direhes Bothorvemdis etes At first, the =ubicet was given
) s of exleinn clivechete nd 10 grams of exleium lactate
o e subleetive and obieciive symptoms (nhdominad distress,
[ raitng and dinrrhens were so violent that the doses in this
- ios wore halved, 10 grans of ealeinm eluconate and 5 grams of
cateim lmetate heing given, The powder was simply di==olved
o nocdass of water 200 cea and drunk.  This procedure was thien
repuated with the mportant Jitterenee that the individual had
s Lt bresasnst chout 700 ao It was uniform cach time
roneisting of two eggs, two cups of coffee, and one picee of toast.
Torihe i:rin:.ry deterndnations, Lyman's (1) method was used
with only thisdiferenee: inetend of washing through filter
naner. centrifuge tubes were emploved.  Thix saved a ygreat deal
of time wud was as aceurate. by setual cheek, as the unmodified
wethod,  The vohime of the specimen obtuined cuch hour was
coeorded and the milligrans of CaO in cach specinien determined.

By its very nuture, urinary enleinm cannot give as true a pie-
cure of the level of caleium in the hlood as ean an actual blood
coleium determination.  However. for obvious practical reasons,
the exleium outpnt in the urine was chosen as the index as to the
apidity und extent of absorption and excretion of the. caleium
inge<ted.

RESTLTS

Severs] rathier interesting points stand out in the data accums-
uluted,  Figure 1 shows graphically the volume of urine. It is
the 3\'f~r:’&g('.uf 1% determinations cach on the caleium gluconate
and cleium actate with U controls, As can bhe seen, ingested
culeiun salts cause a very definite diurctie effect.  Whereas at
2 1.m. the controls showed @ volume of only 178 ce., the average
volume for the gluconute salt was 360 ce.—a volume twice as
grreat.  However this action can Le explained on the mnere physical
busiz of the ureater volume of wuter being necessary to put out a
larger amourt of culeium present. Of course, the individuals here

o '
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were presumably healthy so that this workd have nothing to do

with experiments like thase of Barath nd Gyarkovieh 20 who

chowed that exleium salts cause a dinresisand a disinution ol the

alLbuminuria in nephritie edea, In these cases Bluri -3 may be

.right in saving that the wetion s due to the dehvdrntion of the
blood colloids with resulting hyvdremin and dinresiz. :

Figure 2 shows the smount of CaQ) in miliarnes thut appesred

in the urine during the period of observation. It will be ~¢en that

the individual puts out normaily somewhere hotween 2 uid

5 mgm. of Ca0 hourly. After the ingestion of the ealeben salt

TR AL

Par a4 i
R () o e

F1a. 1

there is a fairly smooth curve upwards with a maximum attained
in some four hours. Then there is a beginning decrease.  There
is very little to choose between the two salts although u little more
of the gluconate salt is recovered.  However, there is a vast dii-
ference in the subjective symptoms. The gluconate was fairly
well tolerated giving rise chiefly to rather annoying borboryvgmi
and some abdominal distress.  The lactare sait in cquimoleeular
amounts gave rise toa very disagrecable headache and gquite stormy
bowel movements accompanicd by a good deal of howel <pasni.
Altogethior, about 5 to 8 per eent of the caleium given wis recov-

O
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o in the urine which is sbout the amount usually quote iin the
cerature. .\ much more interesting and very instruetivi: finding
L summarized in odigure 3.7 s ean be seen gllxoon:n({."g.ri\'('xl on
n empty stomach reaches a maximum within two how'- .nd then
s gins to deeresse. When given afterameal it takes, onger for it

appeat in any amount in the urine but =ix hours af or lugestion
Lo carve had not vet beguy to slope downwards, _/‘.'.\‘ a net result
Lol more of the caleinm gluconate is utilized by the body.
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Also, there was slmost completes edo from subjective symp-
oms. Except for the slight A" ~onfort right after taking the
muterial, one wlnost forgot 17 0 enyvthing had been ingested.
It feems. in this sepies at len oo thit there can be no question
that hetter and longer absorp on was obtiined by tuking the salt
on wiull stomseh. The exle’ njuetute gave 2 very <imilar curve
except that when given ennoempry <torsech the plateau of the
e was muel Sooter, 1 s pralieniy due to the fuet that the
Pynerperistalsisinduecd Bothe Tuetaes enased such a rupid move-
meent of the meterial the o agh the howel thut proper absorption
could net teke plrecs v rhis point it seems 1o be worth while
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repenting the statement previously made s to maximal optimal
doses.. The 10 grams of caleium glueonate powder und the equi-
molecular amount of the lactate is not only the maximal do=e from
the standpoint of comfort in taking the 2ubstances hut is adso the
Jargest amount that can be taken without having a deerease in the
amount of ealeium ion ab=orbed.  This apparent puradox is readily
explicable when we take into consideration the faet thut overdos-
age sets up a violent disrrhen which causes such a rapid puzsage
through the howels of the salts that proper absorption can not
take place.

CONCLUSIONS

1. Using urinary calcium as an index. the extent of ecaleium
absorption following peroral administration of ealeium glueonate
and ealeium lactate hias been studied in three healthy individuads

2. "There i= 1 ~iight hut very definite diuretic effect in this <eries,

3. There ix @ maximal dose bevond which the dinrrheal efeet
begins to outweizh the size of the do<e.  The =alt begins to puss
through and out of the intestine too rapidly to be absorbed prop-
erlv. The gluconate salt gives fewer =ubjective symptoms as
compared with the Tretate salt.




P~

76 ARNOLD L. LIERERMAN i

4. Tt is much hetter to administer the ealeium salt after a meal.
There ix a smoother and greater absorption with a minimum of
subjective distress.  Also, for a given dose the physiological
action of the ingested ealeium persists over a more protracted
period of time.
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CHANGES IN THE LIPOLYTIC ACTIVITY OF ARTERIAL
WALL IN ALBINO RATS

. Effect of magnesium gluconate
S. Markov, D. Mitkov and H. Milenkoy

The authors report that the lipolytic activity (determined according to the mo-
dified method of Zemplenii and Grafnetter) of the aortal wall from albino rats (250 —
270 gr) is very increased (P <C0,001) towards the hyperlipemic substrate (animal fats),
containing magnesium gluconate. This effect (18,8 eq) is greater than the effect of L-
ascorbic acid (15.2 eq) and the non-saturated farty acids (12 eq). They assume that
the increased lipolytic activity under the influence of magnesium gluconate is due to
the activation of fcrment reaction by the magnesium ions.

According to data in literature, the disturbed matabolism of magnesium
in the organism contributes to the development of atherosclerosis (9, 12).
It is also known that the content of magnesium in blood serum in athero-
sclerosis incessantly is descreased in parallel with the development of the
disease, and that magnesium helps the decrease of cholesterol level in
blood (5). .

Bearing in mind that, we decided to verify what is the effect of some
magnesium compounds upon the lipolytic activity of arterial wall.

From the magnesium compounds we chose magnesium gluconate because
we assume that the metabolic gluconic acid will secure the resorption of
gluconate by every cell. On the other hand, the low degree of electrolytic
dissociation of magnesium gluconate will allow Mg2+ not to be deposited
in the intestines as magnesium phosphate, while the gluconic acid will help

~ its resorption by the walls of the intestines.

The magnesium gluconate necessary for the experiments we obtained

. by adding to the water solution of calcium gluconate an equivalent quan-

tity of magnesium sulphate on heating, and we filtered out the formed cal-

{ cium sulphate.

7 Folla medica, t. X1, fasc, 2
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Methods

For solving the above problem we subjected to experiment 17 albino
rats, male, weighing 250—270 g. Te lipolytic activity of their aortal wall
was determined according to the modified method of Zemplenii and Graf-
netter (13). The aorta, after removing the adventitia, was broken to small
pieces and 35--40 mg of its tissue was placed in test tube with 2 ml of
hyperlipemic serum (with tota’ lipids about 1,250 mg %). The latter was
obtained from a dog, which 4 hours before that ate up 10 g/kg bodyweight
butter 4+ 100 mg kg magnesium gluconate, injected intravenously, 5 minutes
before the taking of blood. This mixture was incubated in water bath at 37°
for 150 min, stirring continuosly. Parallel with the test and the control test
tube was placed only with hyperlipemic serum. The lipolytic activity of ar-
terial wall was determined according to the difference in the content of the
free fatty acids (FFA) in the test and control test tube. We determined
FFA according to Duncombe’s metod, 1964 (8). -

B Results and discussion

As it is visible from the present table the lipolytic activity
of the aortal wall js very increased towards the hyperlipemic substrate
containing magnesium gluconate in compatison with the substrate non-con-
taining gluconate.

Lipolytic activity of arterial wall {eq) 1 mi! g Substrate — pyperiipemic

Serum with:
) Butter —10 g'kg V‘Buller—- 10 g/kg +°31§;1/eksgium gluconate —
814068 M+m 188+1,1,"
i) (6)

p< (lm,om

Note: —in brackets is shown the_ number of animals.

This gives us ground to accept that magnesium gluconate by means of
the increased lipolysis in the arterial wall decreases ,the atherogenic poten-
tial“ of lipids, containing saturated fatty acids.

"It is known, that B-lipoproteins, especially those (Sf. 10—20, 20—100),
which are considered as pathogenic factor in atherosclerosis, because of their
big and hydrophobe molecule, with difficulty pass through the arterial wall
and most frequently are susceptible to be detained subendothelially. In the
works ‘of a series of authors (6, 10, 7) is pointed out, that from the intima
towards the adventitia pass as less lipoproteins, as greater is their molecule.
The liberation of B-lipoprotein molecule from triglycerides, makes easier its
passing from the intima towards the media, impedes its deposition in the
arterial wall. A basic part in this metabolism of lipids belongs to the lipo-
Iytic enzyme systems of arterial wall.

o
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The decreased lipolytic aclivity of the aortal wall i. e. its decreased
capacity for destructing the triglycerides appears to be an important prere-
quisite in the development of atherosclerosis (1).

The circumstance, that magnesium gluconate increases the lipolytic acti-
vity of the aortal wall towards one of the most widely used »atherogenic«
foods, gives us ground to accept, that in decreasing the mo'ecule of -lipo-
proteins, by lipolysis of their triglyceride component, it would impede the
development of lipoidosis and atherosclerosis.

By comparing the obtained results with these of other investigations of
ours in this field it is visible, that magnesium gluconate enhances much more
the lipolytic activity of the arterial wall (18,8 weq) in comparison with as-
corbiz atid (15,2 pleqg) (2) or with the non-saturated fatty acids (12 p'eq) (3).

What is the intimate mechanism of activity of magnesium gluconate,
whether by activation of the €nzymes or by efiect upon the substrate it is
arrived to an increased lipolysis in the arterial wall is a question to which
it is difficult to answer in a categorical way. It is known however, that the
activity of the ferments in the cytoplasm and intracellular structures depends
in a great degree on jon concentration and especially of K++, Mg++,
HPO,~— (11). And other authors point out, that such ions as Mg++, Mnp++
and Cat+ can play the role of .activators of ferment reaction, changing the
electrolytic structure of definite groups of the substrate and playing the

strate complexes (4).

With this activity of Mg++ jons we would explain and the higher lipo-
lytic activity of the arterial wall in our experiments.

It would be impossible to presume in this case the presence of induced
by the substrate synthesis of lipolytic enzymes at the level of the cell, since
the time of incubation is very insufficient and at that .in an experimental
set carried out in vitro.

Received 15, XI. 1968
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' H3MEHERHSA B JIMNOJIMTHUUECKO! AXTHUBHOCTH COCYIUCTOIN CTEHKH
Y BEJIbIX KPHIC

II. Bausnue za0xkonama smaznus

C. Mapkos, . Mutkos X. Muaceukos

ABTOpH COOGNIAIOT, YTO .THNOIHTHYECKAR AKTHBHOCTb, CTEHKH AOPTHl Ge-
JIHX KPBHIC, onpejelseMas Bi10H3MeleuHbM MetoaoM Zemplenii it Grafnetter,
(250—270 r) nmosbunaerca cuanko (P <C0,001) K runepaHneMHYEcKOMY CYG-
CTPaTy (KHBOTHBIE XHDHI), coaepkalieMy TIJIIOKOHAT Marhud. IToT 3ddext
(18,8 axB) Goabwe apdexra L-ackopSunosoit kucaotsl (15,2 3KB) H HeHaChl-
IIEHHBIX KHPHBIX KHCAOT (12 5KB). ABTOPBI CYATAIOT, YTO MOBLILIEHHAS JMNO-
JIUTHYECKAS aKTHBHOCTD NMO/| BJAHAHHEM [VIIOXOHATa MAarHHA ABJISETCH CJAeICTBHEM
aKTHBHPOBaHHA (EPMEHTATHBHBIX PEaKUHit MOHAMU Marhus.
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THE TOXICITY AND RATE OF DISAPPEARANCE OF
INTRALISTERNALLY INJECTED CALCIUM SALTS
IN THE DOG

MORTON F. MASON axp HARRY RESNIX

From the Departments of Biochemislry and Medicine, Vanderbilt Universily School
of Medicine, Nasheille

Received for publication October 14, 1935

In studying the effeets of intracisternally administered electro-
Iytes on the blood pressure of dogs it was observed that substances
such as citrate, oxalate and phosphate, which diminished the
ionized calcium of the cerebrospinal fluid, had a pressor action
8 and caused muscular twitchings (1). Evidence that the ionized

—
-~ salts introduced mtmcxwernall) might be of some therapeutie
& value in patients with uremia, Before resorting to such a pro-
cedure data were obtained concerning the toxie effeets and rate of
disappearance of various calcium salts when administered to dogs

h in this manner.

A P T P \WJhO_L‘

state (unpublished data) suzgested the possibility that ealeium

METHODS

Observations were made on 28 dogs in respect to the toxicity,
and on 6 dogs in respect to the rate of disappearance of various
doses of the lactate, gluconate and chloride of caleium injected
.intracisternally during morphine or sodium pentobarbital an-
esthesia.

In addition to solutions of these salts suspensions of ealcium

lactate were used with the idea that a more prolonged aetion

might be obtained, In view of the antagenism Letween salts of
caleium and magnesium when administered by otier rontes (2)
it was thought that larger doses of caleium salis misht pnw ibly be
tolerated intracisternally if sl comomnts of mepedvan sehis
33
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caleium of the cerebrospinal fluid is diminished in the uremic -

&
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TABLE 1+
The lethability of calcium salts when adminislered inlo the cisterna magna
BEINAY, P 1en cwpy,
DATE WEIGRT N' AmoLNT . ——*—U" *‘—
oFbpou | CALCIUM SALT INJZcTED :f:ém’::;‘:’?::: Aty AURVIVED "‘:m"’ ot
INJECTED Netnre b :r‘r.'\‘
- caleium oo
€ nm
kgm mgm. per liter m,ﬁu. per
. ) .
F:tl::::g 22; ........ 128’; i;mfzutc 50 (solution) 0.23 Yes Nembutal
February 25. e 10.2 La(.tnte 50 (solution) 0.17 Yes Nembutal
Febrans o cees ‘2.5 I actate 100 (solution) 0.40 No Nembutal
Febranry a1 5.2 L.uc:ute 20‘_) (suspension)] 0.64 Yes Morphine 3 1290
 Tehry B 8.0 I actatt: 125 (suspension)| 0.96 Yes Morpbine 10 8000
Februar o1 (;'1 I:uctat 100 (suspension)! 0.50 Yes Morphine 5 870
Fehronry o2 4.3- Iuc ate 62 (suspension)| 0.40 Yes Morphine 11 1890
Fohronrs a9 4.r Im,(ftate 500 (suspension)| 4.0 No Morphine
Febrmey ot 11 ]4; Im«.tutc 100 (ruspension)| 8.8 No Morphine
Fehmonry ot 0.2 L,;(ftnte 1600 (suspension)| 0.56 No Morphine
Februnn 22 8:5 La:;:::: 250 (auupcna?on) 1.61 No Morphine
lfcbrun.ry 23........ 11.3 | Gluconate ” (Bll:;;u‘ﬂﬂlon) gg; zes Newhhie 3 1810
February 27........ 8.1 { Gluconate 50 0 '25 Yes Nomposal
March 1.......... 10.2 | Gluconate 50 0‘20 Ye8 Nobutat
March25.......... 5.8 | Gluconate 50 0.35 ’ Nes Nompora!
~ March 30..,....... 6.1 | Gluconate 30 0.20 N 0'; Ne
February 23........ 13.4 | Gluconate 230 0.68 N0 Nempota
December 17....... 15.0 | Chloride 100 0 .27 Y:s ’ gem];‘ftal
December 29.... ... Chloride 100 0.27 Yes MZ:;:[:::: (13:1; (lg
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December 31....... Chloride 100 0.27 Yes Morphine 12 13
January 8.......... Chloride 100 ' 0.27 | No (menin- | Morphine 13 2500
gitis) .

December 27....... 13.4 | Chloride 50 0.15 Yes Morphine
January 7.........] 12.5 | Chloride 50 0.16 Yes Morphine
Januvary 16......... Chloride . 50 0.16 Yes Morphine
February 5........ Chloride 50 0.16 Yes Morphine
February 26........ 8.0 | Chloride - 50 -0.25 Yes Nembutal
March 13.......... 8.0 | Chloride (also 1 cc. 200 1.0 No Morphine

/10 MgCl,) :
March 13.......... - 6.1 | Chloride (also 1 cc. - 100 0.65 "No Morphine

/10 MgCly) o
April22............] 8.9 | Chloride (also 1 cec. 90 -0.40 - *No Nembutal

/30 MgCl,) .
April 22............1 6.8 | Chloride (also 1 cc. 84 0.50 No Nembutal | '

/40 MgCly) :
April 22.......... 0. 5.8 | Chloride (also 1 cc. 50 0.35 No Nembutal

M/40 MgCly) ' ‘
April 22............ 5.5 | Chloride (also 1 ce. - 30 0.20 Yes Nembutal

M/60 MgCly) ‘ .

* This table includes only experiments in which caleium
The lethal dose of calcium is greater than the values given in the table if calcium salts are injected after citrate, oxalate,
. phosphate or potassium administration. o

was injected before! other electrolytes were administered.
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TABLE 2
Rate of disappearance of intracisternally injected calcium salls from the cerebrospinal flurd
poG 1 DOG 2 poG 3 poG 4 poc § ! poG § nou 7
. Cerebro- Cercbro- Cerebro- Cerebro- Cercbro- | Cerebro- R Cerebro-
]i‘(’t':r: spin(‘il‘ I,l‘?:g: apimil l“ft‘:‘:s spin;l 'I?(‘:_s S[{i“;tl I}{;’t‘:‘? bpin(:il ! ]‘{;)'_‘:_? spinu‘l ].ff-'t‘:jrs epinal
RN flui PSR fluic PR O fiai PR fluid PER YO tlui s finie PR fruid
injection caleinm injection caleium injection caleium injection ealcium injection calcium :‘m;((.tmn ealeium imection enleinm

1er. M/ 10 CaCla

1 ce. M/20 CaCly

1 cc. 3/20 ealeium

1 ce. \/20 calcium

1 ce. M/20 calcium |

1 cc. M/20 calcium

1 ee. w/20 pnloinm

1
gluconate Inctate glueonute i gluconute Lge #et e
mym. mymn. mym. mgm. mynt. i mynt. mam,
per cent per cent per cent per cent per cend | per cent e cont

G.0 3.2 0.0 4.2 0.0 5.1 0.0 4.8 0.0 5.0 ! 0.0 5.0 0.0 4.9

0.1 71.4 0.2 28.2 0.2 38.6 0.2 62.4 0.2 5.2 0.2 h8.2 0.2 23.4

1.5 11.9 1.0 8.3 1.0 18.4 1.0 5.8 1.0 10.3 | 1.2 20.6 1.0 5.1

2.5 9.5 2.0 6.1 2.0 11.0 2.0 6.6 2.0 11.5 I 2.0 10.9 2.0 3.5

3.0 9.3 2.3 5.4 2.7 8.3 3.0 5.7 3.0 7.9 ‘ 3.0 9.0 2.5 5.4

3.8 5.9 e “‘/;6:‘:1;;;‘ 3.5 6.5 4.0 6.2 3.4 5.0 4.0 4.3 ”1—“‘/'2*0:;':';;"

4.0 7.2 "actate - N . 5.0 6.4 |7 —i 5.0 5.6 " gluconnte

1 ¢e, M/20 calcium - 1 ec. M/20 calcium - ——— .

} co. m/4 calcium B lactate 6.2 3.5 lactate ;60 | A 6 - -
lactute sipension 0.0 5.4 i o~ . T 0.0 5.4
B 0.3 | 30.8 | 0.0 6.5 | FeeWedleum | g0 5.0 1.0 9.8

0.0 7.2 1.0 17.2 0.2 53.4 |— 0.2 19.2 2.0 5.2

0.2 125.0 2.0 9.8 1.0 10.5 0.0 5.5 1.0 7.1 3.0 4.8

1.0 34.3 3.0 7.3 2.0 7.4 0.2 39.6 2.0 7.3 3.2 4.7

2.0 13.2 3.8 5.7 2.2 6.4 1.0 3.8 3.4 3.4

3.0 8.3 1 ce. M/20 culeium | 1 ce. 31720 caleinm 22 5.1 !

3.2 5.3 “gluconate ‘gluconate 3.2 5.3

3.4 5.4

3.9 5.8 0.0 5.7 0.0 6.4

4.1 5.7 0.2 79.7 0.2 52.9

1.0 19.6 1.0 88 .
2.0 9.2 1.3 5.4 !
3.0 7.4 !
4.0 7.0 !
5.0 7.0 ‘:
59 | 62 ;
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CALCIUM SALTS IN TLiS DOG g 57

were given at the same time and some experiments were per-
formed to test this point.

The methods of sampling and analyses used were those de-
scribed in a previous paper (1). It should be pointed out that
there had been no intracisternal injections of other electrolytes in
these dogs prior to the injection of the calcium salts.

RESULTS

The results of observations on the toxicity of caleium salts

. introduced intracisternally are summarized in table 1. Intable 2

the data on the rate of disappearance of eslcium salts from the
cisternal fluid are presented.

DISCUSSION

Different dogs displayed considerable variation in their sus-
ceptibility to toxic effects; however, no marked difference was
observed between solutions of the three salts studied. Doses of
solutions of these salts containing 0.2 mgm. or less of calelum
per kilogram of body weight were not fatal in nine out of ten
experiments. Doses of 0.40 mgm. or more per kilogram of body
weight were fatal in cach of six observations, death occurring {rom
respiratory paralysis. Intermediate doses were fatal in some

“instances and not in others. Inclusion of magnesium chloride

with caleium chloride did not seem to increase the tolerance of the
animals for ealcium; neither did it scem to diminish the chances
for survival. Meltzer (3) states that the respiratory depression
resulting from intraspinally injected magnesium sulfate cannot be
overcome by the intravenous injection of caleium chloride. On

the other hand magnesium coma attended by 4 high scrum mag- -

nesium level ean be abolished by intravenous ealeium chleride
(2, 4).

Suspensions of calcium lactate were found to bé considerably
less toxic than solutions of ealeinme chloride and caleium gluconate
of similar caleium content in respeet to their immediate cffeets.
However, the suspensions eaused considerable irvitation, as shown

by the number of cells appearing in the eorchrospinal fluid

-
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In every instance in which lethal doses of caleium salts were
introduced into the cis terna, death was due {o respiratory failure.
The breathing first beecame shallow, then slow, diminishing to
occasional gusps and death resulted in five to sixty minutes,
occurring most rapidly with the larger doses. It had already
been observed with other elecirolytes that fatal doses acted by
producing respiratory depression irrespective of whether or not
there had been a preliminary stimulation of breathing (1). Sev-
eral of the dogs recovered after their respiratory rates had been
reduced to as low as three per minute. This respiratory inhibi-
tion by intracisiernally introduced caleium salts is surprising in
view of the fact that intravenous injection of calcium salts will
relieve respiratory failure produced by previous intravenous
administration of magucsium salts (2).

The effect of repeated intracisternal injections of caleium chlo-
ride were studied in two dogs. One of these died of bacterial
meningitis after the fourth injection, but neither showed any
evidence of 2 toxic cumulative action of calcium,

In studying the disappearance rates of intracisternally injected
calcium chloride, caleium lactate, and caleium gluconate, each
animal received two or more injections; that is, after the cere-
brospinal fluid caleium value had returned to the neighborhood of
its original level following the initial injection, another injection
of a different ealeium salt solution was made. In this manner
two or more scries of observations were made on each dog. Of
the caleium salt solution, 1 ce. was injected in each case, and the
samples of cerchrospinal fluid withdrawn for analysis were about
the same volume. Tn most cases the solutions were either 0.1
or 0.05 M. The difficulties of proper mixing and the continued
withdrawal of fluid from the cisternal space probably account for
many of the irregularities in the results ; however, there seemed
to be little difference in the behavior of calcium chloride, calcium
lactate and caicium gluconate. Somewhat less reapiratory de-
pression was observed when the latter salt was injected.  With all
three sails the fall in concentration in the cercbrospinal fluid was

very rapid dm’ing the fst hour.  Insomej nstances normal values
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elevated VIDLLINIITe found aftor thict or four hours.  Trom Liss

tability and reas e vieciti. gluecnate is pref-
erabie to Cosium lactate and calciuni code 83 o mouns oi

raising the calcium concentration in the cerenrospinal fluid.

SU MI\.EAP..Y

Yolutions of caleium chloride, caleium gluconate and caleium
laciate containing 0.25 mgm. or less of coleium pev kilogram of
body weight may be injected intracisterually in Gogs without the
oceurrence of pronounced toxic renctions. Larger doses cause
pronounced rezpiratory depression and 0.40 ragm. of calcium per
kilogram of body weight was found to be a lethal doss in all
instances. The simultaneous injection of rnagnesiuin chloride
and calcium chloride did not inercase the tolerance of dogs to
eoleium chloride.

No pronounced differcnces were found in the rate of disap-
pearance from the cerebrospinal auid of intracisiernully injected
caleium chloride, caleium gluconate and caleium lactate, al-
though in some instances the caleium level remained considerably
elevated for several hours.

Part of the expense of this investigation was borie by a grant
from the Division of Medical Sciences of the Rockefeller
Foundation.
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EARLY RESEARCH ON MAGNESIUM GLUCONATE . By P. Di Mattei and L. Butturini
(Institute of pPharmacology of the University of Pa'via)
Pavia Section - Session of Februarz 12, 1932,

The great importance which studies of vegetal and animal physiology during
the past few years have imparted to magnesium, whose presence in the living
organism appears specifiéally bound to fundamental biological functions has
been, as is known, usefully increased by the extension of investigations on
the pharmacological actions of the metal. This has resulted in a better
knowledge of its action on the central and peripheral nervous system, on bi-
liar scretion, on the contractions of the smooth muscular fibers, on the co-
agulation of the blood, etc. |

On the other hand the use of magnesium, alre#dy affirmed in america for
regi'onai anesthesia, has found especially in France, through the work.cf
Delbet, the most vocal recommendation for the treatment of various morbid
conditionss diseases of the skin, Parkinson disease, infective, anaphylactic,
precanderous, presenile, etc. conditions. In all these lc;,sser known condi-
tions there seems to appear a development of various magnesium preparations
open to the possible choice of the physician., Nowadays oral magnesium treat-
ments are generally given only in the form of magnesium chloride and magnesium
sulfate., Por the first salt, though widely used with good reas;on as bland pur-
gatives, one camnot fail to note its rather irritating action even at small
doses; for the second salt, the disgusting taste, the purgative action and
the questioned absorption of magnesium are well knownv. via hypoder.mic route,
which would appear the choice method for many pathological conditions apt to
benefit from magnesium, the chloriée form is rather painful and irritating
and in fact it is not used; the sulfate and hyposulfate forms are used, but
in reality only for episodic treatments,

For these ieasons we deem it useful to study a new magnesium salt which
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would be readily soluble, injectable, suitable for prolonged treatments, and
in any event such as to increase the number of products available to the
physician., we turn our attention to organic magnesium gluconate, of atoxic

anion, not foreign to the organism and which has already given good results

pa———

in combination with ca, Stoechiometric calculation axcribes 5.86% of Mg in
gluconate. The product we use was obtained by oxidation of ;.~;iuc;se solu~
tion with bromine, elimination of the excess halogen, precipitation of the
HBr formed with lead carbonate and silver oxide, The excess Pb and Ag was
precipitated with sulfuric acid, the sulfuric acid was driven off and the
solution which now contained only gluconic acid was treated with magnesium
carbonate., The carbon dioxide was eliminated and magnesium gluconate was
obtained, which was purified by successive crystallizations. The salt, from

which it is very difficult to eliminate small quantities of water, appears as

boto~~rwudvd g 4O LSUTT

a very white powder, non-hygroscopic, readily soluble in water. One gram dis-

solves easily in 6 cc of water at 25°,  fhe aqueous solution is slightly

o h

acid: pH = 5.8, The 10% aqueous solutibn in neutral glass withstands steril- ,‘
ization for 45 minutes under steam without damgei one notes merely a s]:ight f
increase in the pH value (from pH 5".8 to 6.0). The solutions ‘remain clear
and colorless and are long lasting,

| The following determinations were made: a) tolerance, b) toxicity, c) ab~-
soxrption, d) antianaphylactic capacity.

a) In animals and in man an endodermic, hypodermic, perivasal or endo-

Ri)g A

muscular injection of 10% solution prod'uces no pain or irritation, Subcutan- o
eous injections of 1lOcc of 10% solution (Mg: g. 0.0586) are prefectly well '}
tolerated without local or general manifestations,

"Pér os" magnesium gluconate is tasteless and well tolerated, even at high -

doses, At excessive doses it produces a purgative actions in the rat -

[}

20g/kg; in the guinea pig = 10 g/kg; in the rabbit - 5 g/kg. This action is

W)
I

o 4.
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not observed in hypodemmic or endovenous injectibns.
b) Comparative toxicity tests with Magnesium Sulfate were performed with
rats, guinea pigs and rabbits, using equimolar solutions of the two salts.
‘The table indicates the certainly i.ethal doses, |

Animals Administration Magnesium Mgso4~.7H20 Concentration Number of

(route gluconate x kg of solution experiments
x kg ,
rabbit endovenous cc 7-8 cc 7-8 go/oo 0,2354 29
rat subcutaneous cc 40-45 cc 40-45 " 0,2354 33
guinea pig endoperitoneal “cc 40-45 cc 40-45 ®* 0,2354 23

Therefore no differenées in toxicity appear between magnesium gluconate and
magnesium sulfate, |

¢) when magnesium gluconate is administered "per os", absorption proves
rapid. Appz;oximately one third of the magnesium administered is recovered
in the urine of the first 24 hours. By subcutaneous injections the animals
. undergo prolonged narcosis, which appears promptly. Injections of g 3 per
kg. in the rabbit produce typical magnesium narcﬁsis, which however can be
easily reversed by endovenous injection of Clé&. For greater dos'es the
typical pattern of magnesium poisoning appears in a few ninutes, accompanied
by the usual phenomenas myosis, esophthalmy, paresis, tetraplegia, dyspnea,
de&th,

d) Many careful tests were performed in order to seek, through gluconate,
the antianaphylactic action attributed to ﬁlagnesium.

Subcutaneous, éndoperitoneal and endovenous injections of high quantities
of the salt before the triggering injection in sensitizead guinea pigs did not
genexally avoid the shock which occurred according to the usual pattern, There

fore an antianaphylactic action was not observed.

Translated .by Carl Demrick Associates, ;[nc'./ARB/db
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PRIME RICERCHE SUL GLUCONATO DI MAGNESIO. Di
P. D1 \IATTEI e L. Burtruring

(Dall’Istituto di Farmacologia dell’ Universita di Pavia).
- SEZIONE DI Pavia, - Seduta del 12 febbraio 1932.

Il grande rilievo che gli studi di fisiologia vegetale ed animale
hanno in questi ultimi anm conferito al magnesio, la cui presenza nel-
I'organismo vivente appare specificamente legata a fondamentali Ffun-
zioni biologiche, & stato, come si sz, utilmente accresciuto dall’esten-
dersi delle indagini sulle azioni farmacologiche del metallo. Ne & ri-
sultata meglio conosciuta I'azione sul sistema nervoso centrale e perife-
rico, sulla secrezione biliare, sulla contrattility delle fibre muscolari li-
scie, sulla coagulabilita del sancue, ecc.

D’altra parte I'impiego del magnesio, gia affermatosi in America
per anestesié regionali, ha trovato, specialmente in Francia per opera
del Delbet, la pit clamorosa raccomandazione pel trattamento di sva-
riati stati morbosi: malattie della pelle, parkinsonismo, stati infetti-
vi, anafilattici, precancerosi, presenili, In tutto questo movi-
mento meno progredito appare forse |'apprestamento di svariati prepa-
rati di magnesio su cui possa svolgersi pil adeguata la scelta del me- -
dico. Oggidi un trattamento magnesiaco per bocca non viene general-
mente realizzato che con cloruro di magnesio e con solfato di magne-
sio. Al primo sale, largamente e con ragione adoperato, non si pud
tuttavia evitare l'appunto della notevole deliquescenza oltre al fatto
di riuscire, a dosi di poco elevate, piuttosto irritante, ond'é accolto
fra i blandi purganti; del secondo sale & troppo noto il sapore disgu-

e
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stoso, 1l contestato assorbimento del magnesio, 1'azicae purgativa. Per

via ipodermica, che apparirebbe di scelta per malii saati patalagict che
st beneficerebbero dal magnesio, il cloriro rie.ce pinttosta delorus. e
irritante ¢ non viene infatti adcperato: adoperato 2 1 soliatn ed sncte
I'iposolfito, ma in real'd solo per tratiamenti cpiscditi,

Per questi moiivi stimaramo i qualche wilitt wtadiers un avcss
sale di magnesio che potesse riuscire bene solubile, iniettabile, idoneo
a trattamenti prolungati ed in ogni caso ta's da acereiere | prodioi
disposizione d<l medico. Volgemmo 'attenzione al gluconato i me-
gnesio, dall’anione atossico, organico, non estranco all’organismo e che
buona prova ha gia dato in combinazione col Ca. I} calcolo stechiom::-
trico assegna al gluconato il 5,86 “., di Mg. Il prodotto che adoperam-
mo era ottenuto ossidando una soluzione di glucosic con bromo, eli-
minando I'eccesso dell’alogeno, precipitando I'HBr formatosi con car-
bonato di Pb e con ossido di Ag. L'eccesso di Pb e di Ag veniva pre-
cipitato con acido solfidrico, si scacciava I'acido solfidrico e la soluzio-
ne che conteneva ora soltanto acido gluconico ed impurezze veniva trat-
tata con carbonato di Mg. Si eliminava I'anidride ca:bonica e si ottenerva
gluconato di magnesio che si purificava con successive cristallizzazioni.
Il sale, nel quale & molto difficile eliminare completamente picoole
quantita di acqua, appare come polvere bianchissimz, non igroscopica,
facilmente solubile in acqua. Un grammo sciogliesi facilmente in cc &
di acqua a 25". La soluzione acquosa & lievemente acida: pH=58.
La soluzione acquosa al 10 ., in vetro neutro sopporta senza danne 1
sterilizzazione per 45 minuti a vapore fluente: si rileva soltanto un leg-
gerissimo elevarsi del valore di pH (da pH=35.8 1 6.0). Le soluzien:
restano limpide ed incolori, durevolmente.

Vennero compiuti accertamenti: a)  di tolleranza. b) di tes-
sicitd, ¢) di assorbimento, d) di capacitd antianaflattica.

a) Negli animali e nell’'uvomo I'iniezione endermica, ipode:-
mica, perivasale, endomuscolare di sol. 10 ", non provoca dolori o
fatti irritatori. Iniezioni sottocutanee di cc 10 di sol. 10 . (Mg: g 0.0586)
risultano perfettamente tollerate senza manifestazioni locali o generali.

Per os il gluconato di magnesio risulta insgpore, bene tollerate
anche a dosi elevate. A dosi eccessive provoca azione purgativa: ratto
g 20 per kg, cavia g [0 per kg, coniglio g 5 per kg. Questa azione
non si rileva per iniezioni ipodermiche ni: endevenose.

b) Saggi comparativi di tossiciti con solfat di My furor

in
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compiuti in ratti, cavie, conigli mediante soluzioni equimolecolari dei
due sali. La tabellina riporta le dosi sicuramente mortali. "
- 4 A < ) = ~
. . in. |Oluconato Mg| N eSO TH. Concentr. !Numero deile
Animali Via sommin. X Kg i X Kg : della soluz. | esperienze
——
(72 coniglio endovenosa cc 7-8 cc 78 2/ 0,2354) 29
b ratti sottocutan. | » 4045 > 4045 » s s - o33
< cavie endoperiton. | » ¢0-45 > 40-45 s 23

y : Non risultano quindi differenze di tossicita fra gluconato e solfato
‘ di magnesio. , S
¢} Somministtando per os gluconato di Mg I'assorbimento si
rivela pronto. Un terzo circa del ‘Mg somministrato si ritrova nell’urina
delle prime 24 ore. Per iniezion sottocutanee si ha negli animali nar-
cosi prolungata, di pronta insorgenza. Iniezion; di g 3 per kg nel coni-
o - glio provocano la tipica narcosi da Mg, facilmente redimibile dalla i-
. niezione endovenosa di Cl.Ca. Per dosi superiori il quadro tipico del-
Favvelenamento da My si rivela in pochi minuti con la consueta fe-
nomenologia: miosi, esoftalmo, paresi, tetraplegia, dispnea, morte.
- - d) Accurate e numerose prove furono praticate per ricercare
T mediante il gluconato Iazione antianafilattica attribuita al Mg.

: " Iniezioni sottocutanee, endoperitoneali, endovenose di quantitd e-
levate del sale prima dell'iniezione scatenante in cavie sensibilizzate
non evitarono in linea generale lo shock che si svolse col consueto qua-
dro. Un’azione antianafilattica ron fu quindi rilevata.
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THE EFFECT OF MAGNESIUM GLUCONATE ON EXPERIMENTAL
ATHEROSCLEROSIS IN PIGEONS, AND ON THE CONTENT
+OF SULFHYDRYL AND DISULFIDE GROUPS IN AORTA AND LIVER

D. Staneva-Stoyceva, S. Markov, M, Zlateva and G. Antov

The prophylactic activity of magnesium gluconate, at a daily dose of 100 my ky
badyweight orally, has been studied in pigeons with experimental cholesterol athero-
sclerosis. The authors established a protective effect of magnesinm gluconate, expressed
by a slighter increase of cholesterol (with 280/) of B-lipoproteins (with 22%%) in serum,
and by slighter morphologic (macroscopic¢ and histological) changes in the aorta and
liver ol the pigeons treated. They have confirmed their previous investigations esta-
blishing a decrease of sulfhydryl (—SH) groups and an increase of the disulfide ones
(5—S) in the aorta and liver of the pigeons with atherosclerosis. In the pigeons treated
with magnesium gluconate, this increase of disulfide groups is statistically less reliable
in comparison with the pigeons having obtained only atherogenetic diet,

In the literature there exist fragmentary and contradictory data with
egard to the connection between magnesium content in the organism and
he disturbed lipid metabolism in atherocslerosis. It has been pointed ouf
hat the disturbed metabolism of magnesium in the organism favours the
evelopment of atherosclerosis. Bersohn and Oelofse (1957) established an
bvious regressive correlation between the level of serum magnesium and the
:vel of cholesterol. The experimental investigations by Vitale and al. (1957)
1owed that the artificial decrease of serum magnesium in rats increases the
egree of hypercholesterolemia provoked through feeding on a diet containing
holesterol and cholic acid, while an eight-time increase of the amount of
lagnesium in food decreases or retards the deposition of lipids in the aorta
1d atrioventricular valves. At that, the authors have not established a decrese
fserum level of cholesterol, which makes them assume that probably mag-
sium has some local protective activity on the vessel wall. Hegsted and al.
:957) demonstrate also a close correlation between the degree of cxperi-
tental cholesterol atherosclerosis and the level of serum magnesium. The clinical
dservations by Malkiel — Shapiro and al. (1956) speak about a favourable cli-
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i

nical eficct upon patients having contracted cardiac infarction, by mueans
magnesium sulfate applied parenterally,— and about the normalization o i,
abnormal serum level of lipoproteins. Other authors, however (D. F. Broy,
and al, 1Y58) have not established in their investigations on healthy persoy,
and patients with recent myocardial infarction a direct dependence beiwe,
serum magnesium and the level of lipids. Nikamura and al. (1965) haye
established that the degree of lipid deposition in the aorta of rabbits fed oy
cholesterol, may markedly becoine increased through feeding on a diet pay
in magnesium, but it does not decrease through feeding on fodder  rich j,
magnesiuin.

Taking into consideration those data and the emormous significauce g
magnesium ion for many vitally important metabolic and enzymatic provcesse.
in the organism, we undertook the task of investigating the efiect of may.
nesium gluconate on some indexes of lipid metabolism and on the degre,
of the atherosclerotic process in the experimental atherosclerosis of pigcons
Basing ourselves upon our previous investigations demonstrating .an existing
regressive correlation between the content of SH— groups aud the level of serup,
lipids, we have followed up, moreover, the effect of magnesium gluconate o
the content of sulthydryl and disulfide groups in aorta and liver. We hav,
found the reason for choosing magnesium gluconate as magnesiam compoun|
in the circumstance that the metabolic gluconic acid might allow a bettes
and more complete assimilation of magnesium by every cell, and that the lowe:
degree of electrolytic dissociation of magnesium gluconate would not atlow
its deposition in the gastrointestinal tract as magnesiumn phosphate, while the
gluconic acid would ensure its better resorption.

Material and r}zethods

We implemented the experiments on 30 pigeons of both sexcs, istri-
buted equally into two groups, with a weight of 260—400 g. We pr:oked
experimental atherosclerosis by daily feeding the pigeons in the cou.se-of
12 weeks on a special atherogenetic diet containing cholesterol (2 ¢l. bo-
dyweight), sunflower-seed oil (5 g/kg bodyweight) and wheat flour ne: -ssan
for making a dough, from which we used to give at a rate of 1 ¢ 10U ¢
bodyweight. The pigeons of the first group had only atherogenetic focd con-
pleted with oats and water at will. The pigeons of the second gro.p hid
the same atherogenetic diet to which magnesium gluconate at a dose of
100 mg/kg bodyweight was admixed. We obtained the magnesium gliconale
necessary for the experiment by adding an equivalent quantity of magiiesium
sulfate on heating to a 10°/, water solution of calcium gluconate, wnd we
filtered out the formed calcium sulfate.

Pigeons’ bodyweight was followed up periodically. The pigeons were
killed in the end of the 3rd month. Just before killing, blood was taken and
we investigated the content of cholesterol (according to Homalka) and ol
B-lipoproteins (according to M. Burstein and J. Samaille). Microscopic assay
of aorta and liver was made, and material from liver and the initiai jart of
aorta was taken for histological investigation. We determined, in h.unoge-
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ates of aorta and liver, the content of sulfhydryl groups according to the
method of Kolthoff and Harris, and of the disulfide omnes according to
okulov’s modification of Karter’s method. Paraffin slices, 6 p wide, were stained
with hemalaun-eosin, toluidine blue of Ph 4.0, and according to Van Gieson’s
method. Frozen slices from aorta and liver were stained with Sudan I and
sudan black for lipids. ' '

Results

The results of investigation of fhe content of cholesterol and B-lipo-
roteins in the blood of pigeons of the first and second groups are repre-

sented in table 1. '
' ‘ ~ Table 1

Group Cholesterol (mg %) 8-Lipoproteins (L)

(Cholesterol and magnesium gluconate) - (— 289,) (— 220

i
! I _ 1850.8 + 142 t 230.3:+26.7
|
i P<OO i

‘(only cholesterol)

1 ¢ n 1331.24+101 178.61:32.5

: P> 005
Table 2

I i ] i

! Control 1 group  ~ i "Il group M1 and 1l

t
) Organ

Z
)

'

St. 1. Sr. r.‘
r. r. t f.

|

" Mig
St.r. 1.

t
[
1

| l ‘
jAorta; 5.2738+0.130 —I 3.3817 £0.232 l 0.001} 4.4555+0.179 {0.002, 0.001
iLiver) 31.5974 +0.392 | —' 26.6468+0.654 | 0.001} 28.6828+0.482 | 0.001: - 0.025

|
|
|
i |

‘Aortal 4.327+:0247 |—| 5745440350 |0.01 | 5.0015+0.194 0.025';5non investig. |
Liver| 2112010492 |—| 25.6178%0.592 | 0.001| 23.6324£0.398 |0.001 0.01

As it is visible from the present table, as a result of the daily feeding
of the pigeons, in the course of 12 weeks, on an atherogenic diet, there
appears a marked increase of the level of cholesterol in the blood (normally
433 mg /o) and of B-lipoproteins (normaljy 41 U).

In the pigeons treated with cholesterol and magnesium gluconate, the
amount of cholesterol is by 289/, lower in comparison with those treated
only with cholesterol, the difference being statistically reliable at a P <Z0.01.
The amount of B-lipoproteins in the same pigeons is by 229/, lower in com-
parison with those treated only with cholesterol, but, because of the great
individual deviations, the difference is not statistically reliable.

The results of the investigation of the content of sulfhydryl and disulfide
groups in the homogenate from liver, aorta of the control healthy pigeons, —-
of those treated only with cholesterol (I group), and of those treated with
cholesterol and magnesium gluconate (Il group) are represented in table 2.

T

PRREIVE N R

L




250 D. Stancva-Stoyeva, S. Markov, M. Zlateva and G. Antov

As it is visiblé from the table, also in this experiment was confirme.
the established, in our previous investigations, marked and statistically re.
liable decrease of the content of the sulfhydeyl groups in the liver ap
aorta of the pigeons on an atherogenic diet. The content of disultide group.
in the same organs is statistically reliable higher in comparison with the
control pigeons. We established a similar decrease of sullhydryl groups ang
an increase of the disulfide ones — although not so much obviously - als,
- T in the pigeons on an ather..

genic diet, and treated with
magnesium gluconate. The dir.

, , - ference in the content of Si1
e T4 , = groups in the liver and aort,
‘3 of the pigeons in the Ist ang
\ lind groups is statistically re-
liable at P <{0.025 and 0.001.
The difference is statisy.

e

{

| ‘cally reliable also in the cou
} tent of disulfide groups iu the
; liver of the pigeons in the I«
L . o and Hind groups, while this one

Fig. 1. Pigeon treated only with cholesterol.

Deposition of an abundant quantity of lipids in

the intima and focally in the internal part of the

media. Accumulation of acid mucopolysaccharides
in the media

for the content of the same
groups in the aorta is not re-
liable. The macroscopic assa:
of the aortas taken from the

pigeons in the Ist group (treated

with cholesterol) has shown a

presence of a greater or smaller amount of tiny lipid spots on the iiiima,
and being of the range of a millet seed in a half out of them. In the others,
the intima is atmost plain, or only single spots and a hardly noticeable rouginess
without any change of colour are to be noted. Only in one pigeon (\» [3)
big, formed patches of the type of the atherosclerotic ones in man were found.
The livers (excepling Ne 14) are submitied to a severe fatty dystrophy.

In the pigeons Ne Ne 21, 22, 23, 25, 27, 28, 29 and in the IInd expe-
rimental group, we have observed some thickening, roughness and paieness
of the intima of aorta. Single and hardly noticeable tiny lipid spots were
to be seen in the other pigeons. The livers of the pigeons without any
lipid spots on the aortal intima have shown only data for cyanosis, while
those, in which there were lipid spots, were submitted to a moderate Tatty
dystrophy. | .

The “histological investigation of the aortas of the pigeons in the st
group showed an almost diffuse extra- and intracellular deposition of small
dispersed lipids in the intima and on the internal elastic membrane with i
penetration, in some limited places, also into the internal part of the medi
(fig. 1). Very few lipid depositions in the intercellular substance were fo. be
demonstrated in the media itself. There was established an increase of the
quantity of acid mucopolysaccharides, which was irregular and was nustly
in the internal part of the media around the places where lipids werc de-
posited. The collagenous fibers in these sections have lost their staining pro-
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perties and aspect, as if they had been melt into the greater quantity of the

pasic substance.

In the livers, there was observed an abundant deposition of lipids in
the hepatic and Kupffer cells, the lipid substances occupying the greater part
of their cytoplasm. ' ‘ '

The investications on- the aortas of the pigeons in the lind group have
shown a slight folding of their internal part towards the lumen, muscular
cells, elastic fibers, many collagenous fibers and basic substance participating
in the bulging areas. On the whole, an increase of the collagenous connective
tissue in the intima was to be noted (fig. 2). Lipid accumulations were found
only in some single places in the intima of some pigeons (figures 3 and 4).
In the media, lipids were found only in some single muscular cells of some
pigeons investigated (fig. 5).

Discussion of the results

As it is visible from the given results that magnesium gluconate pre-
venlively applied from the very beginning of having the pigeons on an
atherogenic diet, has some protective effect with regard to the development
of gxperimental atherosclerosis, and it is expressed both in the slighter in-
crease of cholesterol and B-lipoproteins in serum, and in the slighter morpho-
logical — microscopic and histological — changes in the aortas and livers of
the treated pigeons. In keeping with these changes is also the slighter
decrease, established by us, of the content of sulfhydryl groups, and the
slighter increase of the quantity of disulfide groups in the aortas and livers
of the pigeons treated with magnesium gluconate in comparison with those
treated only with cholestercl. We have established in a series of our experi-
mental investigations (C. StoiCev and D. Staneva-Stoiceva, 1965; D. Staneva-
Stoicéva, C. Stoicev and M. Zlateva, 1965; C. StoiCev, D. Staneva-Stoicevay,
1966; D. Staneva-Stoiceva, T. Stoi¢ev and M. Zlateva), and in our clinical
investigations (M. Zlateva, G. Antov 1967; M. Zlateva, G. Antov, 1967;
M. Zlateva, G. Antov, M. Zlateva, G. Antov, 1967), a similar regressive corre-
lation between the content of sulfhydryl and disulfide groups in the serum,
aorta and livers, and the biochemical and morphological changes in athe-
rosclerosis. As to the mechanism through which the magnesium gluconate
exerts its protective antiatherosclerotic effect, our investigations so far have

not allowed us to precise it. Only some assumptions may be made. The

important role of magnesium for the function of a series of enzymic systems
in the organism is well known. It is pointed out, for instance, that one of the
effects of magnesium deficiency is the uncoupling of the oxidizing phosphory-
lation of mitochondrias, and the latter have a close relation to the metabolism
of fatty acids (Vitale and"al, 1957). Klein and Johnson (1954) and Tulpule and
William (1955) established, in case of magnesium deficiency, an uncoupling of
the oxidizing phosphorylation accompanied by a deficiency of essential fatty
acids, the role of the latter in the process of atherogenesis having been well
known, thereat. Moreover, it is known that the atherosclerotic process is accom-
panied by a disturbance of the activity of a series of oxidizing and lipolytic
enzymes (Adams and al,, 1962, 1953 ; M. Sandler and G. Boune, 1960) a greater
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part of which are thiol enzymes. it is possible that the increase — provaoked by
magnesium gluconate — of the decreased content of SH-— groups might condi-
tion the improvement of the oxidizing and lipolytic processes, and, thereby, it
might lead to a favourable influence upon the atherosclerotic changes in the
pigeons. It is possible, after all, that the inetabolism of acid mucopolysaccharides
in the blood vessel wall is influenced, since a great importance is given to their
disturbance in the pathogenesis of atherosclerosis. In this respect, are of
interest the data by T. Lauson and al. (1966) establishing that magiesium
ethylenediaminetetraacetate, applied parenterally in rabbits with experimental
atherosclerosis, leads to removing the atherosclerotic plajues and to resto-

ring the normal content of chondroitinsulfate and neutral mucopolysac-

: Received 15. X1 1968
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BJIMSIHUE [VIIOKOHATA MATHUS HA IKCIEPHMEHTAJ/IbHLIN ATEPOCK/IEPO3
Y T'OJIYBER 1 HA CONEPYXAHUE CYJIbOr U PUJIbHBIX '
A INCYJIb®UIHBIX TPYTIIT B AOPTE U [IEYEHH

A C&aﬂeBa-CroﬁueBa, C. Mapxon M. 3natena I. Autos

Hccnenyerest npogpunakthueckoe AEHCTBHE TIJIOKOHATA Maruus B 103e 100
MP/KI B JeHDL Per 0S Ha roay6ax c SKCIEPHMEHTANBHBLIM - aTEPOCKIEPO3OM, Bhi-

f 3BaHHBIM xanecreponom. OTMevaercs NPOTEK THBHbIH SIJ)Q)GKT TJIOKOHATA MaruHs,

BRDAKEHHBIT B Gosiee c1aGOM MOBBILIEHHH Xonecrepona (Ha 28%), anmonpo-
TeHHOB (Ha 229/0) B cHIBOpPOTKe H Gosee caabeix  MOphONOTIIeCKHY (maxpo-
CKOMHYCCKHX H THCTONOTHUECKHX) H3MeNeHHSX B aopTe U lieueHH y noay-
MBUILX TJIOKOHAT Maruust roay6ei. [ToaTsepxnaercs ycranosmensoe npu
APYTIX HCCACHOBAHUSIX ABTOPOB MOWIKCHHE CYIB(OrHAPHILHLIX TPy (--SH)
i yBeJHUCHHE AUCYIb(PUAHBIX (S—-S) rpynn B aopre u neyeun ronyGeii, 3a60-

} [€BIIIX aTepocineposoM. ¥ rony6eit, KOTOpbIM IDUMEHHIH IVIIOKOHAT  Maris,

ST0 NOHDKEHHE CYIb(riPHAbIbIX Tpyln W ynenuyenne QucyabGuaHbix rpyun

'§ (TATHCTHYECKM JOCTOBEPHO B MeHbILeii CTENCHH, yeM y roayGei, OBIBUIMX
& TONLKO Ha areporenHoill aueTe. :
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Animal and Human Studies on Ferrous Fumarate, )
an Oral Hematinic IR

By M. C. Berexsaup, K. J. Cairp, B. Davrs,
HeLex M. Suaree axo E. G. Toaica
[ — 3 i H
HE ORAL TREATMENT of hypochromic anemia with inorganic salts.
of iron occasionally results in gastrointestinal distress, and massive doses - |-
produce necrosis of the gastric mucosa and liver (Forbes, 1947; Smith, 1952 ’
Swift, Cefalu and Rubell, 1952; Luongo and Bjornson, 1954). A recent sur- -
vey (Hoppe, Marcelli and Tainter, 1955) recorded 23 deaths following acci- -
dental or deliberate poisoning with ferrous sulphate over 100 years; a further-- -
36 cases required hospitalization. :
Attempts to find less toxc forms of iron for oral therapy have led to the. -
introduction of the gluconate and succinate, and more recently the fumarate..
The animal experiments described below were designed to compare the - !
toxicologic and hematinic properties of ferrous fumarate with those of the -
sulphate, gluconate and succinate. The hematologic studies conducted on-:
patients with hypochromic anemia were concerned with ferrous fumarate only.

ANpmaL Stupies

YW A W 3P UMY s AU WOy o cond

Acute Orul Toxicity in Mice

The substances compared in these tests were ferrous fumarate, ferrous sulphate A.R.,
ferrous succinate and ferrous gluconate B.P.C. The ferrous iron contents of these four -
Alts are 33.0, 20.0, 24.8 and 11.7 per cent, respectively. The sulphate was administered
as an aqueous solution and the other three compounds as agueous suspensions containing - -
0.1 per cent w/v of tragacanth, Groups of 10 male fawn mice (GFF strain, bodyweights
17 to 22 Gm.) were dosed orally and then observed for seven days, when the percentage
mortalities were recorded. The LD;, values, which were calculated according to de Beer
(1945) and expressed in mg. Fe/Kg., were fumarate 630, succinate 560, gluconate 320"
and sulphate 230. Thus the relative toxicities were fumarate 1, succinate 1.1, gluconate
2.0 and sulphate 2.7. :

The oral LDy, value for ferrous fumarate administered to male albino rats (WAG ~
strain, bodyweights 100 to 150 Gm.) was 580 mg. Fe/Kg.

-
-t

L ———— ) T S IO

Subacute Oral Toxicity in Rats

The subacute oral toxicities of the four ferrous salts were compared in albino rats

of the WAG strain.
Ferrous sulphate solution and suspensions of the fumarate, gluconate and succinate ‘

- . s

containing 20 mg. Fe/ml. were employed in this experiment.

Forty-five male and 43 female rats (40 to 100 Gm. bodyweight) were randomly
distributed into nine groups of five males and five females. One group was not dosed '
and served as controls, while the other eight groups received oral doses of ome or other ’
of the iron compounds at a level of 30 or 100 mg. Fe/Kg. The animals were individually !
weighed at intervals and dosed daily, excluding weekends. After 12 weeks' dosing, the

From Claxo Laboratories Limited, Greenford, Middleserx, England. 3
Submitted Mar. 3, 1959; acccpted_ for publication July 20, 1959.
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ANTMAL AND HUMAN STUDIES ON FERROUS FUMARATE 541

Table 1.—The Effects of 4 Iron Compounds on Growth Rate in Rais

Group mean increases in body weight &= S5.E. (Gm.) after 12 weeks’ dosing

e

Daily Controls Fumarate Sulphate - Gluconate . Succinate
‘;:n;den;sl\gg) male female male female male female male female male  femnle
0 181 02
%186 ==6.6 ) .
1] 156 101 129 3 172 106 146 95
*11.7 =68 X107 X117 =102 *111 * 6.8 +83
100 136 87 113 B4 136 85 135 86

*+128 X107 =108 *88 =133 =76 x111 Xi2d

Table 2.—The Emetic Effects of 4 Iron Compounds in Cats
Fumarate Sulphate Gluconate Succinate
Oral dose in mg. Fe/Kg.

Cat No. 40 45 60 80 10 15 20 20 40 15 20 30 40
1 -t - - 4+ - + - + F - - ¥ ¥
- + - - - 4+
: - + + - - o+ - 4 + +
3 - - 4+ - - 4+ - - - +
DR = - T+ -+ 4+ +
s - - + - 4+ - +
Jumber of catls
- -, . vomiting .
0/6 0/8 1/3 4/6 0o/6 1/8 4/6 1/6 &5/6 1/8 1/3 8/3 3/3
) Namber dosed .
- % response 0 0 a3 67 0 83 67 17 83- 33 33 100 100
AED:»*
«(mg. Fe/Kg.) 69 17 25 21

- “z%AEDs» = approximate dose producing emesis in 50 per cent of cats dosed.
. +{ == No vomiting,
;¥ 2 % Vomited,

~red and total white cell counts-and hemoglobin concentrations were determined on two
" -males and two females from each group. All the rats were then killed, and' the major
: v&gans (liver, spleen, heart, lungs, thymus, kidneys, adrenals, thyroid, testes, prostate,
> reeminal vesicles, ovaries and uterus) were excised, blotted dry, and weighed. The organs

. Jnln two males and two females from each group dosed at 50 mg. Fe/Kg. were examined

- h!nnlogimlly.
-, The group mean increases in bodyweight after 12 weeks are given in table 1. Analysis

:“ the combined data showed that at the higher dose level all four compounds significantly

growth rate in the male rats, but not in the females. At the lower dose level
:{’fh'dcprSsions produced in the males by the fumarate and the gluconate were not
~< Sguificant (P = 0.05). None of the organ weights (expressed in mg./100 Gm. body-

““ﬁht) in the dosed groups differed significantly (P = 0.05) from those of the controls.
- 15¢ o abnormalities were found in the red or total white cell counts or hemoglobin
- -Cacentrations,

- Apart from a slight and variable increase in iron deposition in the tissue phagocytes

e K\fpﬁer cells, pulmonary macrophages and adrenal cortical littoral cells), bistologic
" ®mination of the organs listed above revealed no abnormalities that could be attributed

"= <%0 the drugs,

- Emetic Activity in Cats
: “The emetic activities of the four ferrous compounds were compared in cats, ‘using the
'+ Sthod of Hoppe, Marcelli and Tainter (1955).
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e
Five adult cats, weighing between 1.8 and 3.5 Kg., were deprived of food, but nat o ‘ Lilled
| water, for 18 hours, when they were dosed orally with gelatin capsules containing the- . L craph
jron compounds. No animal was dosed more than twice 2 week. A random order of dosing . i )
iy was used, so that no animal received two consecutive doses of the same iron salt. After- . . - Hem
¥ | dosing, the cats were observed for emesis, which was evaluated on an “all or pone” basis, - N 1 ‘
o, The results, together with the AED;, values (approximate dose producing emesis in .. .Pn
50 per cent of the cats), are given in table 2. It will be seen that the relative emetie . .. - Fep
activities were fumarate 1, gluconate and succinate 3, and sulphate 4. SooF N “::":ll:
! “ o ! Fe
Irritant Effects on Gastric Mucosa in Rabbits R | five ¢
A Sixty-four adult rabbits having free access to food and water were dosed orally with .-~ - i ;:)nst[
: tablets of ferrous fumarate, ferrous sulphate compound, ferrous succinate or ferrous glu--- _";“.
H conate. The dose was 450 mg. Fe/Kg., the rabbits receiving seven tablets of fumarite - . - '.“: \
i or sulphate compound, or twelve tablets of succinate or gluconate per Kg. The fumarate: - e
| and sulphate tablets contained 65 mg. Fe, the succinate and gluconate tablets 36 mg.. - - . ";mlt
The gluconate tablets were broken to facilitate administration; the other tablets were - | ) “I:
administered whole. R tre:;
The tablets were administered at 10 p.m. and the mortalities were recorded at 10 am. .} N
& : | next morning. The surviving rabbits were then killed, and the stomachs and livers from . .- "~ . vh-:v
! all the animals were examined macroscopically and those from three of each group - - -, & T
. histologically. The macroscopic changes in the gastric mucosa were classified according .- ive
{ l to the scheme in table 3, which includes the mortality figures. : :n
'6 : The histologic findings were as follows. l i;m,_
: Sulphate—Acute gastritis was present in all the rabbits, with much iron impregnation - ) ‘tln;
§ of the mucosa. Iron was present in the mucosal, submucosal and subserous vessels; it was ' -
Ty either dissolved in the plasma or precipitated on the endothelium. Two stomachs showed ‘
! ‘ early necrosis of the superficial part of the mucosa. All the livers manifested a “chemical tok:
: hepatitis,” the essential features of which were iron impregnation of parenchymal cells, ¢
H their invasion and replacement by polymorphs, and an increase in intravascular polymorphs.
. Gluconate—The stomach of one revealed iron incrustation of the mucosa, while that
i - of another showed superficial mucosal necrosis and iron in the vessels. In both, the pylorus { .
K k showed-early inflammation. Iron impregnation was apparent in the lamina propria of one, i tal
¥ - ‘and there was iron in the vessels of the other. The livers showed a hepatitis similar in v )
: = appearance to that observed in the group dosed with ferrous sulphate. Ta
‘ Succinate—one pylorus showed some iron impregnation of the lamina propria and an
) incipient erosion. One liver showed a slight excess of polymorphs in the sinusoids.
: ’ Fumarate—the only abnormality was observed in one of the livers, in which there
: were small, scattered focal necroses. The stomachs showed no inflammation or erosion, : —
; \ and no iron impregnation of the mucosa. Do
} In a second experiment, four groups of three adult rabbits were dosed orally with pe.
= . ) tablets of the four iron compounds. As before, the dose employed was 450 mg. Fe/Kg. w
\ On this occasion none of the animals died within 12 bours of being dosed. They were all
.
' Table 3.—Effects of 4 Different Iron Tablets on Rabbit Gastric Mucosa
b ¢ (12 hours after giving a single dose equivalent to 430 mg. Fe/Kg.) .
s ' Ferrous i
x Effects : Ferrous sulphate Ferrous Ferrous i
- : . observed . fumarate compound gluconate succinate
‘ i . None 13/21 1/25 2/9 3/9
: Slight inflammation - 8/21 1725 1/9 5/9

Severe and extensive ,
inflammation 2/21 11,25 . 3/9 1/9 : i

Death within 12
hours 0/21 12_/'2_5 3/9 0/9

- . - -
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ANIMAL AND HUMAN STUDIES ON FERROUS FUMARATE

killed at this stage, and their stomachs were removed, washed with saline, and photo-
graphed (fig. 1).

Hematinic Acticity in Iron-Deficient Rats

Preliminary experiments in iron-deficient rats showed that a daily oral dose of 0.1 mg.
Fe per rat induced adequate but submaximal responses in growth rate and hemoglobin
production; this finding applied to all four iron compounds. Hence this dose was employed
in the experiment below.

Forty-three iron-deficient albino weanling rats of the WAG strain were divided into
five groups of eight and a control group of three. All the rats were housed in aluminum
containers and maintained entirely on cows’ milk fortified with salts (NaCl, 1 Gmy
CuSO,5H,0, 0.6 mg.; MnSO,5H,0, 0.6 mg. per liter). The four iron compounds were
administered orally using all-glass syringes. The rats in the fifth group were given daily
intramuscular injections of an iron-dextran preparation (Imferon, Bengers) diluted to
contain the required dose in 0.1 ml. All five iron compounds were administered once
daily on 42 consecutive days at a dose level of 0.1 mg. Fe in 0.1 ml./rat.

Individual bodyweights and hemoglobin concentrations were recorded before beginning
treatment and at weekly intervals thereafter. '

All three control rats died within 10 days of starting the experiment, and two of the
gluconate-treated group and four of the succinate group died during the experiment.

The group mean bodyweights and hemoglobin concentrations of the survivors are - -

given in table 4, and figure 2 shows the group mean values for total mg. hemoglobin per™

rat weekly throughout the dosing period. These latter values, which reflect increases in

both blood volume and hemoglobin concentration, were calculated on the assumption

that blood volume was 8.7 per cent of the bodyweight, i.e.,

6.7 Hgb. conc’n. in Gm./100 ml. X 1000
X .

100 100

total mg. Hgb./rat = bodyw't in Gm. X

HumMaN STUDIES

 Twenty-two patients’ with hypochromic anemia were treated with one
tablet of ferrous fumarate (Fersamal, Glaxo) three times a day (200 mg. Fe

. Table 4.—Effects of 5 Iron Compounds on Body Weights and Hemoglobin Levels

of Iron-Deficient Rals
(All dosed rats received 0.1 mg. Fe/rat/day, Imferon being administered
intramuscularly, the remaining compounds orally)
Group mean values = S.B
i Controls (3)* Sulphate (8) Gluconate (6)
weks BW. Hgbi BW. Hgb. BW. Hgb. BW. Hgb. BW.

Dosing
period Succinate (4) “Imferon” (8)
Hgb. BW. Hgb.

6.7 33 5.6

Fumarate (8)

-9 34 5.8 30 5.1 31 5.0 30 6.3 28

- w40 +02 =20 =04 =23 =05 +28 +=03 *=28 =03 *19 +0.5

1 36 4.9 40 8.4 11 8.2 33 85 32 8.2 38 6.8
+36 =05 =23 =07 *21 *07 499 >04 >33 x0T 21 = 0.6

2 All dead 48 8.9 51 8.7 38 8.3 81 8.2 41 7.1
439 =+06 =26 =05 *21 +0.6 +£19 =19 =28 =04

3 59 10.6 60 104 36 9.4 36 7.4 53 8.8
449 =04 =35 =05 =29 +11 *26 =11 28 =05

4 n 11.8 70 11.9 43 10.5 41 8.6 63 1L7
472 =05 =48 =05 Ed46 407 =58 =08 *26 06

s 80 12.5 83 12.2 54 10.7 61 9.8 76 13.1
+88 ~06 =239 =08 *53 +10 *=71 =13 =36 =06

s 91 12.4 95 12.8 61 12.8 80 10.9 88 14.2
403 =02 =43 H04 Ebd 411 =97 =09 *b61 %06

() = number of rats in group.
TB.W. = body weight in Gm.
“ $Hegb. = g. hemoglobin 5.
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TOTAL mg HAEMOGLOBIN per RAT
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<. Fig, 2.—~The hematinic effects of five iron compounds on iron-deficient rats.
~~Dose, 0,1 mg. Fe/rat/day. O, contrals, no iren; D, iron dextran, intramuscular; C,
US succinate, oral; G, ferrous gluconate, oral; 8, ferrous sulphate, oral; F,
fumarate, oral,

" Per day). The product was acceptable to all the patients, and, apart from
w008 who had undergone gastrectomy, all showed hematologic improvement,
= -Abe patient who proved refractory had not previously responded to ferrous
- Sulphate or ferrous gluconate.

- The cases were divided into two categories with inijtial hemoglobin levels
T above or below 50 per cent (7.4 Gm. hemoglobin per 100 ml). The results
5.~ e given jn figures 3 and 4, respectively.

S would be expected, the most rapid gains in hemoglobin occurred in the
mut’e-.‘ieverely anemic subjects. After treatment for 30 days, there were
Average gains in hemoglobin (Gm./100 ml. /day) of 0.105 in the first group
(8. 3) ang 0.170 in the second (fig. 4).
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Fig. 3.—Eleven patients with hypochromic anemia (initial hemoglobin values
above 50 per cent) dosed with ferrous fumarate (200 mg. three times daily).

SUMMARY

Ferrous fumarate, an oral hematinic, has been compared with the sulphate.
succinate and gluconate for various aspects of toxicity.

" In mice, the relative acute oral toxicities were fumarate 1, succina

gluconate 2.0 and sulphate 2.7.

In cats, the relative emetic activities were fumarate 1, succinate and
conate 3, and sulphate 4. i

Examination of the stomachs and livers of rabbits given massive doses 0‘t
the four iron tablets showed that the sulphate and gluconate were much
more toxic and irritant than the succinate or fumarate.

Rats dosed for 12 weeks with ferrous fumarate (50 mg. Fe/ Kg./day) grew
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DAYS OF FREATMENT

:+ Fig. 4,—Eleven patients with hypochromic anemia (initial hemoglobin values
below 50 per cent) dosed with ferrous fumarate (200 mg. three times daily).

.normally, and histologic examination of the major organs revealed no ab-
: normalities that could be attributed to the drug.
.. Hematinic studies on iron-deficient rats, receiving the four iron compounds
orally or iron-dextran’ intramuscularly, indicated that ferrous fumarate was
»+as effective as the other compounds.
. Twenty-two hypochromic anemic patients were dosed with Fersamal (three
tablets per day), and all except one showed hematologic improvement. The
- patient who proved refractory had previously undergone gastrectomy and
had not improved on either ferrous sulphate or gluconate.

The tablets were acceptable to all the patients.
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SUMMARIO IN INTERLINGUA

Le hematinico oral, fumarato ferrcse, esseva comparate con respecto a varie -« -
aspectos de toxicitate con le correspondente sulphato, succinato, e gluconato. ...
In muses, le relative toxicitates oral esseva 1 pro fumarato, 1,1 pro succinato, -
. 2,0 pro gluconato, e 2,7 pro sulphato. '
In cattos, le relative activitates emetic esseva 1 pro fumarato, 3 pro succinato -
e gluconato, e 4 pro sulphato. :
Le examine del stomachos e del hepates de conilios tractate con doses mas. -~
sive del quatro compositos de ferro in le forma de comprimitos oral monstrava .. . - ¢
que le sulphato e le gluconato esseva multo plus toxic e irritante que le suce—.. - !
cinato o Je fumarato. T
Rattos tractate durante 12 septimanas con fumarato ferrose in un dosage de--:-- »
50 mg de ferro per kg de peso corporee per die cresceva normalmente, e le-: s |
examine histologic del organcs major revelava nulle anormalitates que poteva. - 1
esser attribuite al effecto del droga. :
Studios hematinic in rattos can deficientia de ferro que esseva tractate con
le quatro compositos de ferro per via oral o con ferro e dextrano per via
intramuscular indicava que fumarato ferrose esseva tanto efficace como le
altere compositos.
Vinti-duo patientes con anemia hypochromic esseva tractate con Fersamal 5"
3 A (tres comprimitcs per die), e omnes-—con un exception—monstrava un -z
B : -~ melicration hematolcgic. Le patiente qui se provava refractori habeva previe---".
' mente essite subjicite a gastrectomia e habeva monstrate nulle melioration - :
__. sub tractamentos con sulphato o gluconato ferrose.
Le comprimitos esseva acceptabile pro omne le patientes.

s
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IRON ABSORPTION BY WOMEN: COMPARISON OF THREE
FERROUS SALTS

Mary R. Grax, M.S., axp RutH M. LEvErTON, PH.D.
LixcoLx, NEB.

NEED exists for specific information on the absorption, by human sub-
jeets, of iron from different iron salts which are used medicinally or in the
enrichment of certain foods. Results of studies on rats and dogs are not com- .
pletely applicable to man. ) .
In man the absorption of iron from the gastrointestinal tract is normally
controlled by his need for it. A person who is deficient in iron or who has an
increased need, as in growth, pregnancy, and lactation, absorbs a greater pro-
portion of the iron from the daily intake than does a normal person. -t
The study being reported was planned to compare the iron absorption and

hemoglobin response of women given iron in the form of ferrous gluconate,-
~ferrous lactate, or ferrous sulfate. Healthy nonanemic women were chosen for

subjects in order to eontrol in so far as possible the effect of iron need on iron

_ahsorption and thus reduce variability among the subjects. Eighty-three college
_students. and staff members ranging in age from 18 to 42 years and living on

self-selected diets served as subjects.

METHODS ~

For.a period of four weeks, ferrous gluconate was given daily to twenty-seven of
the women, ferrous lactate to twenty-nine, and ferrous sulfate to twenty-seven. The
daily iron medication was: ferrous gluconate, 99 mg.; ferrous lactate 102 mg.; and
ferrous sulfate, 101 mg. Capsules containing the iron salt were made especially for the™
stndy, and the maximum variation in the iron content of different capsules containing
the same salt was 1 per cent, or 1 mg. The subjecis took the capsules with the evening

- meal, and did not eat liver nor spinach during the month of medication.

Complete fecal collections were made during the third and fourth weeks of medi-
cation, that is, from the fourteenth through the twenty-eighth day. o

The avthors have had extensive experience with the analysis of Liological materials
for iron. Extreme precautions are routinely taken to avoid contamination and to insure
recoveries Letween 98 and 102 per cent of quantitatively added iron (Leverton1l). The
fecal excretions of each subject for the two-week period were combined and made into
a slurry with 10 per cent HCI, then an aliquot was ashed at 500° C., just below ‘‘red”’
heat. The white ash was dissolved in HCI, and the iron in it was determined by the
method of Pohle and associates.2 The optical density of the colored complex formed by
1,10-phenanthroline and the reduced iron was measured in a Beckman spectrophotometer
for which the extinction coefficient of iron had been determined.

Presented before the American Institute of Nutrition, Cleveland, Ohio, 1951,
From the Human Nutrition Hesearch Laboratory, Agricultural Experiment Station, Lin-
iq)n, l;'eb. The work was supported in part by a grant from the Smith Dorsey Company,
incoln.

Published with the approval of the Director as paper no. 542, Journal Serics, Nebraska -

Agricultural Experiment Station.
Received for publication, Oct. 29, 1051,
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IRON ABSORPTION BY WOMEN ‘ 8§73

for four weeks. Iron ahsorption, or the difference between intake and fecal ex-
cretion, was measured during the third and fourth wecks of medieation, and
hemoglobin values were determined weekly during medication and for four weeks
thereafter. The mean daily absorption of the subjects who were given ferrous
glueonate was 9 mg., ferrous lactate 13 mg., and ferrous sulfate 11 mg. The
difference between these means was not statistically significant. However, there
was some indication that the women absorbed iron from ferrous lactate some-
what more consistently than from ferrous gluconate or ferrous sulfate, The
hemoglobin of these normal women did not increase with iron medication,

TaBLE I. MEAN DAILY INTAKE* AND ABSORPTION OF IRON DURING THIRD AND FOURTH WEEKS
OF IRON MEDICATION . .

FERRQUS FERROUS FERROUS
GLUCONATE LACTATE ’ SULFATE
: - MEAN | s.p.f MEAN | s.p. MEAN |  S.b.
All subjects 27 : 29 27 -
Intake Fe (mg.) 109 112 : D3 b B
Absorption (mg.) 9 18.9 13 132 -~ .11 10.0-
Group 1 L ) . R .
Subjects storing iren . 14 21 - 17 ]
Per cent of subjects 52 72 . -8 -
Absorption (mg.)’ 24 13.6 19 9.9 16 - 8.3
Group 2 : : -
Subjects losing iron . 8 3 o1
Per cent of subjects 29 .10 .4
Absorption (mg.) -11 6.4 -8 27 -6 0
Group 3 . . T
Subjeets in equilibrium 5 & 9
Per cent of subjects 19 17 33 .
Absorption (mg.) -1 3.2 0 2.7 2 - 1.9

*The self-selected diets supplied approximately 10 mg. of iron daily.
{Standard deviation. .

TaBLE II. MeaN HEMOGLOBIN' VALUES BEFORE, DURING, AXD AFTER FOUR WEEKS OF IRON

MEDbICATION -
R v FERROUS FERROUS FERROL'S
, . GLUCONATE LACTATE SULFATE
TIME OF TEST MEAN | s.p.* MEAN | s.b. MEAN | 8.,
Number of suybjects 27 20 27
Initialt value, gm. per cent . 13.4 0.65 13.2 0.73 13.1 0.69
Week of medication :
1 13.3 0.79 13.2 0.77 13.1 0.67
2 13.3 0.90 13.1 0.73 131 0.73
3 ’ 13.3 0.77 13.3 0.84 134 0.65
. 4 13.2 0.87 13.3 0.88 13.3 0.84
Week after medication )
1 134 0.69 _ 132 0.75 133 0.83
2 . . 135 0.84 13.5 0.91 133 0.66
3 i 134 0.93 134 0.91 13.3 0.88
4 134 082 | 133 0.76 13.4 0.69

*Standard deviation. .
tAverage of two values on consecutive days.
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Hemoglobin determinations were made in duplicate for two consecutive days before
medication began and weekly thereafter until four weeks after medication had been
discontinued. To avoid diurnal variation in hemoglobin values the venous blood samples
for each subject were taken at the same time of day for each of the tests. Hemoglobin
was converted to oxyhemoglobin in 0.1 per cent sodium carbonate, and the light trans.
mittance of the solution was measured in the Sheard-Sanford photelometer.3

- RESULTS
The mean daily intakes and absorptions of iron during the third and fourth
weeks of iron medication are shown in Table I. The mean daily iron absorption

by subjects given ferrous gluconate was 9 mg. (S.D. == 18.9), ferrous lactate
13 mg. (8.D. = 13.2), ferrous sulfate 11 mg. (S.D. = 10.0). The absorption

was small because the need as evidenced by the normal hemoglobin values was °

small. Analysis of variance did not show a significant difference among these
means,

For further analysis of the data the subjects were sorted into three groups ‘

on the basis of individual performance and the mean absorption of each group
is also presented in Table I. Group 1 includes those who stored more than 5 me.
of iron daily; Group 2, those who excreted more than 5 mg. in excess of the
amount they were ingesting; and Group 3, those who neither stored nor lost

“more than 5 mg. of iron daily and theretore were considered to be in equilibrium.

This rather generous interpretation of equilibrium allows for some of the
vagaries of the digestive tract in the absorption and excretion of iron. Even
among healthy individuals there are differences in gastric acidity, intestinal

-motility, and iron requirement which cause variation in iron absorption.

Sixty-three per cent of all the subjects were storing iron, 23 per cent were

=~ _ in equilibrium, and 14 per cent were losing iron from the hody. The loss of iron
by 14 per cent or twelve of the subjects when on daily intakes as-high as 110 -
“mg. of iron was unexpected, and is not easily explained. Diarrhea (hd not occur

among these subjects.
Although only small differences in the ahsorption of iron from the three

* ferrous salts were observed, more subjects absorbed iron from ferrous lactate

than from the gluconate or.sulfate. Seventy-two per cent of the women given
ferrous lactate stored iron and their mean daily ahsorption was 19 mg. (S.D. =
9.9). In contrast to this, only 52 per cent of the women given ferrous gluconate
stored iron, however, their mean daily absorption was 24 mg. (S.D. — 13.6);
and 63 per cent of the women given ferrous sulfate stored iron with a mean
daxlv absorption of 16 mg. (S.D. = 8.3).

" The means and standard deviations of the hemoglobin values for all subjects
given each iron salt are shown in Table II. Hemoglobin values did not change
significantly during the four weeks of the medication nor during the four weeks
after medication had ccased. Nor was there any difference in the hemoglobin
response of the subjeets who were storing iron as compaved with those in equi-
libriwmn or with those who were losing iron.

SUMMARY

Twenty-seven normal women were given ferrous gluconate, 29 ferrous lae-
tate, and 27 ferrous sulfate at a level of approximately 100 mg. of iron daily
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&.} We intend to incorporate this method into the practical TasLe I a-
. el side of a growth study, as it will not only greatly increase -
. our accuracy but provide us with permanent records of the Code | No.of Key Daily Dosage of
- - , es Available iron
B ussue growth, .
: ’ . . s Group A. Inorganic fron Preparations .
i We are grateful to Dr. T. H. Hills and Dr. E. A. Miskin for A s P:opriel.a.ryferroussulphuemdfo:ic . !
i many helpful suggestions, acid in capsules . .. .. 184 mg.
‘?\_i N ) B |5 Proprictary ferrous sulphate capsules 188
4 REFERENCES c 1n " v v " 180 .
o D | Tab. ferrous sulphate Co. N.F. ™, 180 ,
A Files, G. W. (1943), Medical Rcdiographic Technic. Springfield, F 1 erTi dia'ysata .. - .. 216 .
. v Reynolds, E. L (1944), Child Developm., 1S, 181, H 1 Proprietary saccharated iron for
3 By L - Ibid., 18. 130, ] || Proprienous use dfolicackd abtets | 1oy
——— 2D, . G. 3 id., 18, 5 oprictary iron and folic acid ets 84
Suart H'DE' s H (ot Fud 5 1 13, 195, e
N T i0d Dwincll, P. H. (1942). : cveiopm., 13, . Group B. Organic Iron Preparations
5 ——s.}iﬁé.j} aod Shaw, C, (1940). Monog. Soc, Res. Chilg Developm., I. ' 23 ' Ferrous gl te .. - 105,

—— and Sobel, E. H. (1946), J, Pediar., 28, 637.

¢

] . The cases were selected at random, the.avera'ge Hb value. RS
’ " (King and Gilchrist, 1947 ; King et af., 1947, 1948a, 1948b, -
S THE THERAPEUTIC RESPONSE OF 1948¢, 1951; Macfarlane €t al., 4948 ; Donaldson ¢ al,

1951) over the series being 659 ; organic and inorganic

.. SECONDARY ANAEMAS TO ORGANIC iron preparations were given to alternate cases. The

Ee s
e
.

e
YN .

organic preparation of iron was available as a liquid
AND INORGANIC IRON SALTS proprietary  preparation which in addition contained
BY . aneurin hydrochloride, nicotinamide, - and riboflavin in

B ' blackcurrant juice syrup, which also provided 5 mg. of .
- DAVID HALER, M.B,, B.S, D.CP. _Datural vitamin C per drachm. : :
~ Honorary Consulting Pathologist, All Saints Urological In Group A cases (Table I) supplementary vitamins were ‘
- Centre (Westminster Hospital) ; Pathologist, given to those patients in whom avitaminosis was suspected.
i East End Maternity Hospital S _
- ’ ' ) Tamee I1
-In 1926 Starkenstein discovered that only ferrous iron is ' -
- utilizable by the haemopoietic system. Since then inor- s 3 Tot .=
. - & '
.~ #anic ferrous salts have provided the standard form of Gase R p}ﬁ, xncx}rf.,, S8 ,.5,:’-‘".- kX Ex
1. ferrotherapy. In particular, ferrous sulphate has been ] - EE 2| tered | (o2 &8
Wwidely used in various official and proprietary presenta- Group A, Incrganic from prepemoiis
tons. The National Formulary 1952 1:_1formsf us tb.:«n 5 A %(1‘33&? 38{} g.g‘)» §§{§§§§ (','§§ ;ﬁﬁ ’3"2 164 ~
i - ¥ g , 7 | 161
there is need for only two oral preparations of iron in T4 | 820 185029 %6 @ag | T3¢ | 733 196 | 163 .
the treatment of ferro-sensitive anaemias. These are g : §§‘}2‘;§} f‘."}é'?i ’3 gg;; }3 1,% §33 ;535
£ those contzining either ferrous sulphate or iron and s ¢ 52 ((;(73 2 m,gf 2 83)5) 22 é’ggg 360 63
. » » - o y , B .o
- vammonium citrate. $1S |38 B0 68(1015)| 142y | o087 3780 | 111 | 166
: 21€ 170000 5)°| 90(13-5) | 20 (3-00 057 | 6300 | 95 | 167
: 121€ [8801015)] %0(13-5) | 22(335) | 537 8820 [ 75 | 174
B1S |18 0 12007 [25(33) | oss 5.580 | 139 | 166
121 | 880015} 82(12:3) {14 (2-73) | s 040 | 23 | j66 .
131¢ (3001 76 (11-4) | 42(6.4)° | 0375 8,640 | 14.5 | 167
= 131 & | 38 .(365)| B4(12:6) | 26 (3-95) | oop 6300 | 124 | 1695
: 121S 180 00118019 |18 | o 13,680 | 40 | 8.5 .
: 1815 130,05 158 865)| '8(1415) | oo 5400 | 45| 2.3
11B 176014 180(120) | 4(0-60) | 5.0 736 | 163 | 163 .
181D 148 (72) 1 70(10-5) | 22(3.30) | 19 7560 | 88 | 8.8
o 5[4 & B0 Haea 35|33 | 4338 (123 100
i . o . 3- 2 2 of
fore seems that, although AT 1SS @D | 82002:3) | 27310 | 097 6440 | 79 |02
ferrous sulphate tablets are widely ordered, their thera- i Group B.. Ogane from . .
s « . s rokp B.: Organic Iron Preparation :
| 7 peatic va_)ue, owing to gastric intolerance, leaves_much 211162 09 192038 | 0reer e 67 | 1890 | 47:6 | 295
- lobe desired. ‘ 3511 | edhey] 2038 3G 12 | Lo |33 |29
" " “Following their publication I wrote (Haler, 1952) that B0 12 yen gg((lp:-si;) 2G4 ) |18 ;:g;g zgé 282 -
o e e e o e e | bR B B |3 | 1B e B2
- 2 e re- 29 ( 84 (12- . -2 | 57
i opous qucona_te In ferro-sensitive anaemias 3011 180020 19815851 18(2.85) | 1.5 1,260 | 42.5 | 23.6
S arare herewith appended B[ Bden iy ey a1 | b G0 &8
b K . 2 10- . N 2 R .
. RS _Ferrous gluconate is the n al ferrous salt .Of gz } ;—;H?;; ggg]igg :g g;}) llgg ;'ggg 3§; gg;
)w): b . « 3 . * . l - ' - ». »l .
7 D-gluconic acid i 1t 1s a dihydrate crystal and contains BT 126014 [Secaq | SED |13 1300 | 432 | 288
7U1S% of ferrous iron. ' wn D11 |asderlscse s Gan |32 [ b2y |eue |26
¥ Staub (1949), Jasinki (1949), and others have shown 3 |; 78 (11-7) 33(;23) |5(2~g) 15 1,'%0 4§~s 8
i o, e most el absorbed of ll e BIEgd B0 e (0| B 3
s ’ . e 4 1105 R ETT . :
5§ ts. 1t does not appear to produce.g_asmc upsets 211 (20005154 (14-1) |28 (36) | o0gs 2,940 | 245 | 258
. *Aollowing figures result from the decision to compare the 43 I z ‘;8'33 ]gg %'?'3?’ §g g ! ;) ?.gz 2,&8 177 226
N .‘7 - -« a . “ S 9. ' - B 2, »f 29
¥ (‘..lhcrap:uu.c Tesponse of ferro-sensitive anaemias When 2411 8001 78G17) | 1035y [14 | 2733 | 2357 (358
reated with the standard inorpanic iron preparations
“¥th those obtained from the use of ferrous gluconate. . - Available Fes+/day
e - A = “Plastules " with folic acid e .. 184 mg.
: O T e - B e “Plastyles plain | - 184 .-
- el " The Investigation ) C = “Ferso'ate” ., .. 180
- ™ - an . . ’ D = Tab ferri sulph, co. .. o 180 ,,
“The cases Investigated are classified as follows : g - ;em dia'ysat. " o . o ﬂg »
- - erm ammon. ¢it. .o .. e ”»
‘Anaemiy following post-partum haemorrhage .. 25 cases H = * Ferrivenin .. . e .. 100
’ " " = " normal delivery . L 13, S ::Qereyoq'” S ity sl .. 105 ..
Tview - illness .. ... Ol e 6 3 = “Folvite " with iron ( Folvron*) .. 183 "
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£ ANAEMIAS TO-IRON SALTS - —

Assessment of the therapeutic response . 30 o oMY, R
was based on the following factors: m 29 R ooty §:|: ,
total increase in es of Hb per 28 - L. .
100 mi; (2) average daily Hb increase :’. :
per 100 ml (taking 15 & Hb as 100%)3 . as -
(3) the iron utilization coefficient, calcu- 24
lated on the basis that 30 ms. of iron is. 22 -
required to raise the Hb by 1% and a2 -
(4) the averase pumber of treatment-days ,_" R
required to raise the Hb value to within z%
pormal  limits. Routine haematological S\ .
investigation was carried out before and oy e L) . -
during treatment, and the results were 3re ‘S:"‘"“ o N - .
carcfully recorded. co - -
. . R . Q14 .
Stady of the Therapeutic Response ' % ;
Group A (T able 1) shows the results of 5 o .
. o

treatment in those cases treated with in-
o ic iron. The average total dosage of
available iron administered was 4900 mg.
. The average HD increase in this group was
.29 g per 100 mL 1t can therefore be
-deduced that the i utilization coO-
efficient for this group Wwas 18.1. This
- approximates 10 the findings of Wwitts

y 11l

ot .

L D O IO I

Hlnxlnt||!inti‘1‘1r;_;

(1936) for the iron utilization coefficient
of ferrous sulphate as 14. The mean
daily Hb increase was 1.02%, which con-
firms - the therapeutic response to be .
expected. The average period of treatment over this group
was 21.7 days. S :

the average total’ dosage of available
1,359 The average

per 100 ml., indicating an iron utiliza-
tion coefficient of 28.3. This compares favourably with
the finding of Staub following his study of ferrous gluconate
in tablet form, which showed an iron ‘utilization coefficient
of 22+5%. The mean daily Hb increase in this group was
1.49% and the average period of treatment 17.8 days.

The analysis of the haemoglobin response in both the
groups indicates that the organic jron-treated group shows
a remarkably constant iron utitization coefficient of 28.3.
This compares with the inorganic iron-treated group, which
shows an average utilization coefficient of This
increased haemoglobin response was achieved in 2 shorter
period of time, and with a reduced overall dosage of iron.

increase was 34 ¢g.

An Interesting Case Noted During Study

Case 20.—A full report on this case of post-natal anaemia
following post-partum haemorrhage is given, as iron therapy
was started with intravenous iron and completed with the
ferrous gluconate preparation. The findings were as

follows:
Hb Retics.
pate |RBC | Holdane| C1. MLD. |
e i3 | g™ @ [ | Tou

———
Ferivenin, 100
ily" < - 20,552

mg- 32
23/5/5% 34
Ferrous glucon- ’

ate, 105 mg.,
availableiron

dai'y .. | 215!52 23 a1

After 3 days 314552 3-12 53

"» . 9/6'52 4-32 74

Tolerance and Side-effects

1t is usually stated that ferrous sulphate tablets are well
tolerated. 1 first learnt to doubt this when 1 was treated
for anaemia arising during 2 severe pneumonia. My gastric
experiences during that treatment led me to watch for other
people's intolerance to iron. It has peea found that quite

25% of out-patients treated with the standard therapy -

voluntarily discontinue treatment because they are unwill-
ing or unable to tolerate the gastric side-effects.

OTO80M KoM #2 F
Graph showing group positions in relation to aVerage daily haemoglobin jncrease. - ..}
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patients in the ward have
ang to be put on to the

_ferrous gluconate preparation was far and away

gluconate has proved so cﬁec;;c that. Py ;
asked to be taken off the tablets.-".
« liquid tonic.” e

The liquid ferrous

Of all the preparations used in this trial, the'liquidh,- T

popular with patients, and produced 2 therapeutic -~
response out of all expectations.. A e
A study was made of the relative therapeutic values S
of organic and inorganic iron salts in the treatment of ..
ferro-sensitive anaemia. - The inorganic iron prepara- "
tions provided ferrous sulphate in various presentadons,. >
the daily intake of available iron being app:oximateiy; .
180 mg. a day. . ST

The organic iron sait administered was 2 proprietari .
liquid ferrous gluconate preparation giving a daily intake. -
of available iron of 105 mg. a day, with the addition of
aneurin hydrochloride,

picotinamide, riboflavin, an
natural vitamin C which in the dosage given provided - -
15 mg. of ascorbic acid a day. )
An evaluation of the therapeutic responsé indicates
that the group treated with the inorganic iron: L.
showed a mean daily increase of 1.02% haermoglobi ©
and an iron utilization coefficient of 18.1. L
The group treated with the organic preparation’: -
showed a mean daily haemoglobin increase of 1.49%
and an iron utilization coefficient of 28.3. S
The period of treatment required to raise the haemo™
globin value to normal limits was 21.7 days in the
inorganic iron group and 17.8 days in the organic iron.
group. The average total dosage of available iron
administered in the inorganic group was 4,900 mg. and-
in the organic group 1,359 me. S
1 suggest that the organic iron salt ferrous gluconafcf
seems to produce 2 more satisfactory haemoglobi®
response within 2 shorter period’ of time than °
ferrous sulphate prcpnr?l_wﬂ'

1

obtained by the well-known
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RESPONSE OF ANAEMIAS.TO IRON SALTS

- safl for their careful typing in this detailed work ; to:Messrs,
* - Calmic for their generous supply of ferrous gluconate used in this - . . :
» to all those clinicians who have assisted so kindly jn placing S L T
clinical materia] at my dispesal; and, above all, o all patients :
who shared in thijs stimulating piece of laboriousiy built-up
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“Medical Memorandum mbiic B, sbowing a
lnserted into the lumen of the divided

L L. ) to preservation of the Specimen in fo
© . - Vasa Praevia - ' bave shrunk )

S A

M2 2o

Pracvia may be defined as condition in which the = _ T . S
foetal blood vessels, unsupported by either umbilica] cord ' ‘ CommenT . oot _
or. placental tissue, traverse the foetal membranes of the Velamentous insertion of the cord j : : D
ower u-tcn:ne'segmc.nt in froqt of the prescntin‘g' Part. As  for the occurrence of vasy praevia, 150::11;;10::; ﬂ;ﬁ;‘,’;‘",‘,ff; EE
a rule jt is tmpassible to diagnose abnormalities of the ¢ pe attributed to vesse]s running between the [opes of a -
- placenta until after delivery. Vasa praevia js A0 exceplion  mying ite Placenta ; to the vessels of a succenturiate Jobe
to this rule, as op Tare occasions the conditjon has been i : : .

' i the vessels has occurred, It the cord
a survey of the literature reveals
and for this reason the following
example of an uncommon cause of

P

. - . . o authors ag between 0.4 ang 0.9%. De Lee (1913) declares
"o 7. CASE REPORT i i inci i i .

A primipara firs: attended the antenata] clinic on October 26, It js often associated with other -
195L. - Her menses had aiways beer regular, and her last menstrual Damely, - multilobed Placentae, placenta succenturiata, and,
- period -was on June 24. No abnormality was dctected'on examina-  jp particular, placenta praevia, Although jn most cases
;tion, the height of -the uterine fundus corresponding with an when bleeding from velamentoug vessels occurs the vessels . S

m 2. when She was 39 weks presman, TSl a0 pracvis e e been e been recorded in which vessel Lo

~ < ed at 5.45 a.m. and ’she noticed 10 the t‘tfndus have been Tuptured, . - R
o foetal movements were _ The risk to the foetus i considerable, and foetal death - ~. .
10 hospital at 9 a.m. n utero may occur from either asphyxia or €xsanguination,
as, but was draining kiquor  Asphyxia is due to compression of the aberrant vessels in
lood. The blood pressure  the Jower segment by the Presenting part. It is probably the

d there was no albumin in the urine. On abdominal grealer of the two dangers to the foetus, Exsanguination
ight and girth of the uterus were compatible with )

L Dle may occur if the vessels are torg across, . .

:< zZa fullterm pregnancy. The lie of the foetus was longitudinal, . _ b . R
T .. ¥ and the head was dcccyply.engaged. The uterus was not tender to aﬁsgould abvasa p raivxa rup tlgre, the child, - even if born e
« 1 - #-Palpation .and foeta] parts were readily felt. No foetal heart » Ay be severely anacmic and neonata) death: may

LT Coud heard. - On vaginal examination (he Cervix was partly OCcur. The foetal .lo§s in the 53 cages so far recorded

t - Jvefaced and one finger dilated. The membranes were ruptured  has been 55%. This is very similar to the figure of 589, -
£ T }?elﬁilbe vertex” was presenting,  No umbilical cord could be quoted by Graff (1921) in reviewing al| cases up to that" -

-and the liquor was blood-stained, A diagnosis of revealed time. But in the 41 cases 67%) in which rupture of the
iy accidental hacmonhége was made. - :

- vessels was known to have occurreqd the foetal Jogs was 73%,.
: began at 1 p.m.; seven hours later the cervix was fully It must, however, be emphasized that vasy pracvia js
T R t : essentially a foeta] complication, The only added hazards
{ ,j__:‘g:°:bo°z':";’2‘:)ed,;lfn‘!l_}’:e “r’::l;:_";‘;:"ﬂg“&}:’:é;“}teb£°:’ c:::f to the mother are those atlendant upon interference by the
1§mcnu, nor had the foetal heart been heard since admission.  2ccoucheur, such Interferente being undertaken solely on
&Forceps delivery was performed in the second stage of Jabour behalf of the foetus, Caesarean section js indicated in those
£Decause of materna] distress.  The infant was stillborn, weighing  cases discover ed early in labour wj
- o2 oz (32 kg)). _No cord was felt on examination under by the operation sh

. . GwiLym M, Evans, M.D.,, M.R.C.O.G..
$the -umbilicag vessels traversing the membranes for a distance of : . m'ﬁ'mg?&’."’“ sod om.mmf :
¥about 10 cm. before reaching the foetal surface of the placenta. . .. T s ’ . ) ’
One of these vessels, an artery, was divided in (wo by the rent :

1 the ‘membranes through which the baby hed been delivered - - . : .. Revexowes = 7 T o -
s iﬂustrar.ion). s De Lee, 5. B, €1913), Prl'ldﬂes and Practice of Obstetrics, S;undcgs,
"~ Necropsy — ¢ _Post-mortem examination of the foetus the Philadeiphta, : -

. 3 . . E. . M 3 . . 3 .
ngs were compatible with foetal death due to anoxia con- ﬁ'c‘,';'.,f A(I:_Z':wz,,.,ch;,xc_'f:,m,zuc’:”i 86, 28
$equent ypon blood loss and interference with the foetal circyla. McNakr, A,
:-zfon','NO other cause for deast. . o LE N

¥
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- Desferrloxamme in the Treatment of .

Acute Toxic Reaction to
Ferrous Gluconate
=

F. Henderson, MD, T. J. Vieuws, MD, end Elmer B. Broun, MD, St. Louis

Desferrioxamine, a new, specific iron bathroom sink at about 8 axr, She had eaten an unknown
chelating agent, was used in the success- number of tablets when her activities were first noted at 9

ful treatment of a child witl acute iron

intoxication due to ferrous gluconate. The passed seven more in several Joose, blaody, diartheal bowel

dosage of desferrioxamine was 92 moa/ka movements. By 10:30 aag the child became listless, the
& c/Rg . -

given intravenous]y on three occasions at bloody diarrhea continued, and the parents became alarmed

and consulted their pediatrician, The child was taken to a
local hospital where her stomach was lavaged with tap water
and four more iron tablets were recovered; a 1%solution of

12-hour intervals after an initial oral
dose of 5 gm. Prompt improvement in the

child’s clinical status was accompanied by sodium bicarbonate plus 30 ml of a combination of activated
rapid fall in serum jron concentration to attapulgite and pectin ( Quintess)® was instilled Jinto the
normal levels and excretion of about 25 stomach through he tube. After an enema was given, 'the
g of iron in th . Further tri Is of child was transferred to the St Louis Chxldrens Hospital,
mb» , Ot In the urine. Further tria s 0 uring the 45-minute trip she had recurrent vomiting of
.desfernoxamme in the treatment of acute gray-brown, blood-tinged fluid; one more iron tablet was re-
Iron intoxication are warranted on the covered in the: vomitus—a total of 32 recovered tablets. - -
basis of this €xperience, When first seen in the emergency room of Children’s Hos-~

) pital at 12.:30 PM, the child was alert, irritable, and normal
. I RON POI SONING of small chl dren, usually in color. There were stains of bloody diarrheg on her diaper,

- from ingestion of ferrous sulfate tablets, ranks pulse of 160 beats per minute, her physical €xamination was
hxgh as a cause of fata] poisoning in children in the unremarkable, However, within several minutes the child -
United States, In spite of varioug therapeutic regi- became mottled, cyanotic, and obtunded with an apical heart

mens, the_mortali’cy rate after ingestion of large
~doses of iron approaches 50%.! \Vith increased

awareness of the dangers of acute iron intoxication enous cutdown wag performed to allow more rapid fuid

- in Children, there has been more interest in the replacement. Oxygen was given intermittently by face mask, .
- use of iron chelating agents to lessen toxic effects Desferrioxamine-hydrochloride (800 mg in 20 mt of water)
. was injected intravencusly after blood had been obtained

" ; for serum iron, electrolyte, and PH determinationg and blood
- Edathami] (EDTA) bas been used with apparent counts. Almost simultaneously, 5 gm of desferrioxamine sy

efit in severa] cases of iron poisonin ;> other spended in 200 m] of isotonic saline solution were given

p g . e
- more specific jron chelating agents, diethvlenetri- . through a nasogastric tube after aspiration of small quan-
A aminepentaacetic acid (DTPA ), and ethylenedia—  tities of gray-brown mucus. Within severa) minutes after

. . these various forms of treatment, the child’s color improved
¢) acid (EDD HA), and her pulse rate slowed to 160 beats per minute though

~ have been advocated, ¢ though no reports of their she remained unresponsive. Digitalization was begun intra-

* USe in iron intoxication have been made. The effec- venously and the Patient was transferred to the Intensive
tiveness of a hiew, more potent and specific iron are Unit. :

elating agent, desferrioxamine (Desferal), wag Initial hematological valyes were: hemoglobin concentra.

- tested in the treatment of a child with acute iron tion, 13.8 gin/100 cc; hematocrit, 44%; platelets, 610,000/

Cu mm; reticulocytes, 3.2 ; white blood cel] count, 39,300/
€u mm; and differentia] count of 649 segmented ney-

: trophils, 26¢;, lymphocytes, 5% eosinophils, 1% bang

Repo rt of a Case forms, and 49 monocytes. Urinalysis showed 4 specific

A white female child, 14% months of age, was admitted gravity of 1.008, pH of 5.0, hegative protein and sugar,

: to St. Louis Children’s Hospital on Feb 9, 1963, for treatment many red and white blood cells, and a3 few bacteria per
" of acute jron toxicity from ingestion of ferrous gluconate high power field. Serum sodium wag 137 mEq/liter; chlor-
- tablets, The child had obtained a bottle of 30 to 50 ferrous ide, 99.5 mEq/liter, potassium, 3.9 mEq/liter; carbon
« gliconate tablets (0.3 gm ) from an open butter dish on the dioxide, 15.6 mEq/liter; and pH, 7.26. Serum iron initially
- was 2550 ug per 100 €¢; unsaturated serum jron binding

~ 3, Chief Resident in Pediatrics (Dr. Henderson), St. Louis Children’s capacity was zero, Additional laboratory data were: pro-
' .“pi‘“’l‘, “f"d “*‘5‘;‘“{"‘ 5’.".’"’5“(’6 of BP "“"f“')"ci‘,‘ﬂ;, ‘;’:“i)ua;“f’ ;’"5' thrombin level, 80%; total serum bilirubin, 0.9 mg/100 ce
School of Npmm,ol Me Brown is s empmnt Lih Lederte Mediasy  with 0.1 /100 ce direct reacting bilirubin, serum albumin,
Faculty Award, 3.6 gm/100 ¢¢; serum globulin, 2.2 &m/100 c¢; serum glu-

" 73
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1140 TREATMENT OF IRON TOXICITY-HENDERSON ET AL

tamic oxalacetic transaminase, 83 units; serum glutamic
pyruvic transaminase, 16 units; serum calcium, 8.6 mg/100
ce; and serum phosphorus 3.0 mg/100 cc. A urine culture
showed no growth.

The child remained lethargic for several hours in an
oxygen tent with persistent red watery diarrhea and the
passage of red blood that clotted on the. diaper. She de-
veloped a fever to 392 C (1024 F ) without localizing
signs of infection; penicillin and streptomycin were admin-
istered with defervescence within 36 hours. Attempts at
feeding small quantities of milk at hourly intervals were
abandoned because of repeated vomiting. The initial intra-
venous infusion of dextrose ‘in saline was followed by suc-
cessive bottles of dextrose in water and subsequently Ringer’s
lactate solution to alleviate the metabolic acidosis, The
child’s hemoglobin concentration fell from 13.4 to 11.7
£m/100 cc with a corresponding fall in hematoerit. There
was an associated increase in pulse rate to 204 beats per
minute, return of dusky color, and unresponsiveness; whole
blood (20 ml/kg) was given with marked improve-
ment. X-ray examination of the abdomen for additional
radiopaque iron tablets showed dilatation of the . small
bowel with liquid radiopaque material in several loops of
intestine; the liver and spleen were not enlarged.

" Additional desferrioxamine hydrochloride (800 mg) was

given intravenously 12 and 24 hours after the initial dose.
Serial measurements of serum iron, iron binding capacity,
urinary iron, and urinary desferrioxamine were obtained
{Tables 1 and 2). An electrocardiogram was interpreted as
showing sinus tachycardia and depression of §-T segments
in leads V: through V.. Twenty hours after admission (24
hours after iron ingestion), the child had the frst of five
convulsions with cyanosis, generalized twitching, and pool-
ing of secretions. This seizure was controlled with paralde-
hyde’ given intramuscularly and amobarbital sodium given
intravenously. Further seizures 2, 5, 6, and 12 hours later

.- were controlled each time with intravenously administered

—.amobarbital sodium plus additional maintenance phenobarbi-
tal. Examinations during this period showed her pupils to
react to light; no abnormalities of the fundi or lungs were
noted. An electroencephalogram was characterized by, pre-
dominant 1-4 second slow high voltage activity mixed with
some fast activity; no definite interpretation was made.

Enlargement of the liver 6 cm below the costal margin
was first observed though no jaundice was seen. Repetitive
blood samples showed the serum electrolyte values to have
returned to approximately normal levels with correction of
the acidosis. After the blood transfusion the hemoglobin
concentration slowly fell to a stable level between 9.5 and
10.2 gm/100 ce with a fall of white blood cell counts to a
12,000 to 19,000 runge. By the third day of hospitalization
the child showed marked and sustained improvement. She
was removed from the oxygen tent. Clear liquid feedings
were begun and rapidly changed to a normal diet. Her in-
dwelling catheter was removed and she played happily with
no residual abnormalities except for a slight left hemiparesis

Table 1.—Measurements of Serum Iron and lron
Binding Capacity During Treatment
Serum

fron, UIBC* TIBC®
Hour of ug/100 ng/100 uz/100

Date Sample cc cc cc Comments

2/ 9/63 -1 2,550 (4] 2,550 Pretreatment sample
2 2,275 4] 2,275 800 mg desferrioxa-
5 139 0 139 mine given IV at

- hour Q
2/10/63 11 600 36 636 800 mg (jesfer;"i/oxat-
mine given

R

2/11/63 44 113 270 . 383

2/12/63 68 120 198 318

“UIBC and TIBC refer to unsaturated and total iron binding
capacity, respectively. UIBC was measured by the Ventura method!¥;
serum iron was determinzd by a modified digestion technique.

JAMA, Dec 28, 1963

Table 2.—Urinary Excretion of Iron and
Desferrioxamine During Treatment

Urinary Icon Urinary

. Desferri.
Urine Conc, oxamine
Period of Volume, Urine mg/100 Total, Cone,
Date Sample ml pH cec mg mg/100 ce
Initial
sample®* 19.5 5.2 0.71 Q.01
2/ 9/63 20 min to
2hr 14 4.5 8.27 1.16 150
2to Shr 38 53 9.25 3.42 6.0
Sto 6hr 90 5.8 8.92 8.02 0
6tollhr 25 6.0 3.59 0.89 8.0
2/10/63 11to19hr 105 6.2 3.39 3.56 43
19021 hr 43 5.8 410 1.77 23
21to35hr 134 5.6 4.37 5.87 42
2/11/63 35t043hr 113 5.9 0.47 0.53 45.5
43to46hr 30 5.6 0.42 0.14 32

Totals 6115 .. 25.37

*The initial sample was abtained by catheterization 20 minutes
after the first dose of desferrioxamine had been given. Additional
desferrioxamine was given at 12 and 24 hours. Urinary iron was
determined by a maodified digestion technique, desferrioxamine was
measured colorimetrically. v

first noted after her series of convulsions. Mild diarrhea with-
out evidence of pathogenic organisms on three stool cultures
responded to neomycin and a combination of kaolin and
pectin (Kaopectate)® treatment. The child was returned
to her home ten days after admission without any residua of
her iron intoxication except the slight hemiparesis. Within
a month after discharge all evidence of the hemiparesis had
disappeared and a radiographic examination of the upper
gastrointestinal tract was entirely normal. Her blood counts
showed a hemoglobin concentration of 11.3 gm/100 cc;
hematocrit, 36%; white blood cell count, 11,700 with a
normal differential.

Comment

This child’s story is in most respects typical of
that found in acute iron toxicity. Characteristical-
ly, the child is a toddler, 12 to 30 months of age,
who finds a box or bottle of iron tablets carelessly
left within reach by his mother for whom they
have been prescribed. The lure of colored tablets
that look like candy leads the child to eat a vari-
able number before his activities are halted by
his parents or the onset of vomiting. Usually the
amount of iron ingested is not precisely known,
though fatal doses of ferrous sulfate have varied
from 3 to 18 gm, and survival has been reported
after doses as high as 15 gm." 2

The effects of ingesting toxic doses of jron have
been divided into four phases chronologically.!
The first phase begins with abdominal pain and
vomiting within 30 to 60 minutes alter the iron
tablets are eaten. Partially dissolved tablots may
be vomited along with brown or bloody stomach
contents. Soon irritability, pallor, and drowsiness
appear along with frequent black or bloody diar-
rhea. Symptoms of acidosis and cardiovascular
collapse may become prominent; coma and death
ensue within four to six hours in about 20% of
children tuking large doses of iron. The second
phase consists of a period of improvement in re-
sponse to treatment of the initial symptoms.-Vom:
iting and diwrrhea abate, the symptoms of acidosis
and shock improve, and the child appears much
less il This period. lasting S to 16 hours, may .
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herald the onset of progressive improvement. Of-
ten, liowever. the false sccurity engendered by the
trapsient improvement is rudely shattered by a
third phase of progressive cardiovascular collapse,
convulsions, coma, and high mortality at about 24
hours after iron ingestion. If this phase can be
avoided or treated successfully. the child usually
smproves rapidly with few dificulties until one or
two months later when the fourth phase of gas-
trointestinal obstruction {rom scarring occurs; cor-
rective surgery may be required.’®

'Unusual in this child’s case is the occurrence of
severe iron poisoning due to ferrous gluconate. To
our knowledge this is the first rcported instance
of ferrous gluconate poisoning in a child, though
acute iron intoxication after ingestion of this iron
compound has been recognized.’ With only rare

__exceptions in recent reports, ferrous sulfate alone

or in combination with other substances has been
responsible for childhood iron poisoning.! On the
basis of oral toxicity studies in experimental ani-
mals, ferrous gluconate is less toxic than ferrous
sulfate at comparable doses of iron,”® though the
reasons for this difference are not clear. The toxic
svmptoms in this child were the same as have been
described in ferrous sulfate poisoning and suggest
the likelihood of severe toxic reactions from any dis-
sociable iron compound that is absorbed rapidly in
amounts sufficient to exceed significantly the maxi-
mum iron binding capacity of plasma transferrin.
The ultimate pathogenesis of many of the symp-
toms of iron toxicity remains obscure despite ex-
tensive morphologic study and animal experimen-
tation.>?%** ) :

On the basis of theoretical considerations, anal-
ogy to other iron chelating agents, and animal
studies, the use of desferrioxamine in the treatment
of acute oral iron toxicity has been suggested by
several investigators.'®'* This drug is a sideramine’
of microbial origin with a molecular weight of 561.
As the soluble hydrochloride salt, it binds 9.3 mg
of trivalent iron per 100 mg of chelate with an
avidity comparable to that of the plasma iron bind-
ing protein, transferrin. Given by mouth, desfer-
rioxamine is not absorbed to any significant degree;
in the gut, especially at an acid pH, the drug binds
inorganic iron and greatly reduces its absorption.

Given intravenously, desferrioxamine combines

with iron to form ferrioxamine which is to a large
extent excreted in the urine, though some is metab-
olized in the body. Most of the reported studies of
this chelate are concerned with its use in remov-
.ing excess body iron in discases of chronic iron
storage. Relatively high levels of urinary iron ex-
cretion, ease of administration by the intravenous
or intramuscular route, lack of clinically significant
excretion of other metals, and freedom from seri-
ous toxic side effects make the use of desferrioxa-
mine in the removal *of excess body iron of
considerable promise.'™"*

()
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The rationale for use of desferrioxamine in the
treatment of acute iron intoxication of children is
based on the twofold aim of: (1) binding iron cir-
culating in plasma in excess of transferrin binding
capacity to render it nontoxic while hastening its
excrction in the urine; and (2) binding iron remaiu-
ing in the gastrointestinal tract to prevent its ab-
sorption. Parenteral administration of the drug is
used to effect the first aim; administration orally
or by gastric tube is designed to achieve the sec-
ond goal. As with use of other iron-chelating agents
such as EDTA, DTPA, and EDDHA, desferrioxa-
mine is but an adjunct to various supportive meas-
ures designed to combat symptoms of iron toxicity.

The effectiveness of desferrioxamine in the treat-
ment of the child described in this communication
is difficult to evaluate in terms of survival or ef-
fects on clinical manifestations. Criteria of drug ef-
fects that are more easily analyzed are the changes
in serum iron levels and the amount of urinary
iron excretion. The fall in serum iron concentration
from 2,5504g/100 cc to 139:g/100 cc within five
hours after intravenously administered desferriox-
amine is much more rapid than has been reported
in patients receiving EDTA treatment or in_pa-
tients receiving no chelating agents.” Further evi-
dence of efficient removal of excess iron is the re--.
appearance of small amounts of unsaturated -
transferrin at 11 hours, despite high circulating
serum iron levels (due in part to circulating ferri-
oxamine). Subsequent serum iron and unsaturated
iron binding capacity values remained within the
normal range. Likewise, excretion of 25.4 mg of
iron in the urine during the first 43 hours of treat-
ment is almost five times the maximum urinary
iron excretion reported during a roughly compar-
able period after repeated EDTA infusions in a
patient with an initial serum iron value of
6,260ug/100 cc.'” No estimate could be made of
the amount or sites of distribution of iron that was
presumably absorbed in excess of that recovered in
the urine. Only normal numbers of hemosiderin
granules were observed in the reticuloendothelial
cells of a bone marrow aspirate.

The value of desferrioxamine given by gastric
tube to this child to prevent further iron absorp-
tion cannot be measured. It is possible that the
large doses of the drug accentuated the diarrhea
due to intestinal irritation, as has been reported.®
However, the diarrhea was initiated by the iron
before desferrioxamine was given; more rapid
expulsion of iron bound to the desferrioxamine in
the gut may have had a net beneficial effect. Theo-
retically, desferrioxamine should be of more value
than EDTA when given by the oral route, since
absorption of iron initially bound to EDTA has
been shown to occur,’™ while we have preliminary
evidence to suggest that radioiron bound to desfer-
rioxiimine given by mouth is not absorbed to any
significant’ extent. Oral administration of desferri-
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oxamine soon after ingestion of toxic amounts of
iron would seem desirable to minimize iron ab-
sorption.

The repeated doses of desferrioxamine (92
mg/kg) given intravenously to this child are entire-
ly empirical. Smaller concentrations. of chelating
agent might have been effective, though during the
initial 12 hours after the first dose only small
amounts of free desferrioxamine were excreted in
the urine. Successively increasing amounts of iron-
free drug appeared after later doses. No harmful
side effects were recognized with this dosage
schedule, and since data are not available on
which to determine the excessive amounts of iron
in the body and from this figure to calculate the
required dose of chelate, it would seem justifiable
to give an excess of the chelating substance.

In combating iron toxicity in children the most
important measure is its prevention. This can be

accomplished by warning mothers to whom iron

tablets are given to keep them out of reach of
young children, dispensing iron in bottles with
“childproof” closures, and labeling containers with
a suitable warning. When these measures fail and a

" child swallows a toxic dose of iron, a rational plan

of treatment for acute oral iron intoxication based

-on a synthesis of our experience and that of others

can be outlined as follows:
1. Rid the stomach of its contents. Induce emesis,
lavage the stomach with a large-bore tube to re-

- move undissolved iron tablets. Instill 5 gm of

desferrioxamine in aqueous solution or, if this is
not immediately available, use a 1% solution of

PN
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sodium biscarbonate to bind residual iron in a
poorly absorbable form. Follow the gastric lav-
age with an enema to remove iron from the lower
bowel. It possible, obtain radiographic confirma-
tion of the success of measures used to remove
radiopaque iron from the gastrointestinal tract.

2. Institute measures to combat peripheral vas-

cular collapse. Early intravenous replacement of
body fluids and electrolytes using isotonic saline,
Ringer’s-lactate, plasma, dextran, or whole blood
may be needed to treat the hemoconcentration and
shock. Injection of an isotonic solution of desferri-
oxamine hydrochloride (1 gm in 25 ml of water)
intravenously is warranted to bind iron circulating
in excess of the transferrin binding capacity and
hasten its excretion. Calcium-disodium-EDTA. (80
mg/kg/24 hours) or calcium-DTPA (20 mg/kg re-
peated in 4 hours) may be substituted for the
desferrioxamine. Repeated doses of chelating
agents for 24 to 48 heurs are often necessary.
- 3. Additional measures, often necessary, are
treatment of metabolic acidosis with appropriate
solutions of sodium bicarbonate. Oxygen treatment
and vasopressor agents may help in combating
shock. Amobarbital (Amytal), phenobarbital, paral-
dehyde, or diphenylhydantoin (Dilantin) may be
required to control convulsions. Prophylactic anti-
biotics seem of value when vomiting and aspiration
are severe in semicomatose patients.

600 S Kingshighway, St. Louis 10 (Dr. Brown).

The desferrioxamine used in this study was supplied as
Desferal by Ciba Pharmaceutical Company, Division of Ciba
Corporation, Summit, NJ.
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In recent years a number of reports
have appeared on the poisoning  of
young children by ferrous sulfate tab-
lets. Iron salts have been freely used
as medicaments for thousands of years
so that the physician ordinarily is quite
unconcerned about any toxic poten-
tialities, particularly when the com-
pound is to be given orally. Since this
lack of fear of toxicity seemed incon-
sistent with the clinical toxicological
reports, it became desirable to review
the literature on comparative toxicity
of various iron salts in experimental
animals and in accidental poisonings
in paticnts. The literature survey also
indicated the. desirability of a new di-

(558)

the Sterling-Winthrop Research Insti

tute, Rensselaer, New York)

rect experimental comparison under
critical conditions of the tolerance of
ferrous gluconate and ferrous sulfate.
This study has been carried out and is
reported elsewhere®S.

History of Iron Therapy. The origin
of iron therapy is obscure in the dim-
ness of prehistoric medical experience.
It is known to have been employed by
the ancient Hindus, Egyptiuns and
Greeks. Iron (apparently as the sul-
fate) was one of the few inorganic

medicines described in the old Egyp-
 tian -pharmacopoeias. Similarly, in an
attempt to bestow the strength of iron
upon a patient, Greek physicians ad-
ministered the metal as a

cure for
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Progress of Medical Science:

weakness (which is one of the prom-
inent symptoms of anemia). Water in
which red hot jron had been quenched
or in which swords had rusted was fre-
quently the medicinal form of iron°,
Hippocrates also recommended it for
both diarrhea and constipation,

In the seventeentl) century Syden-
ham wrote of the treatment of chloro-
sis by iron?2:

“To the worn out or languid blood it
gives a spur or ﬁ]h’p whereby the ani-
mal spi its which before lay prostrate
and sunken under their own weight are
raised and excited., Clear proof of this
is found in the effect of steel in chloro-
sis, The pulse gains strength, the face
(no longer pale and death-like) a
fresh ruddy color.™ :

Iron was first shown to be present
in the blood in the eighteenth centu
and Menghinj?° demonstrated that
iron in the hlood could be increased
by feeding foods rich in that substance.
Still another significant advance, in the
same century, was William Cullen’s
prophetic warning that the good effects
of iron were often missed because of
too small doses.

But iron therapy reached jts golden
age with Pierre Blaud’s introduction
of his famous pill in 1831%0, Fur most
of the remainder of the century eul-
ogies proclairm'ng iron first among all
therapeutic agents were common,
Then, Bunge, Quincke, and others,
finally convinced physicians that inor-
ganic iron was hardly absorbed at all.
This, coupled with the unsatisfactory
results of injudicious use of iron in all
types of anemia, led at last to the “Dark
Ages” of iron therapy‘-'l. Ferrous sul-
fate, for Instance, was not even con-
sidered for internal use in the United

. States Dispensatory of 1918. It was
- only after the first quarter of the pres-

ent century that the value of large
doses of iron, where iron was needed,

THERAPEUTICS 359

The frequency of Poisoning by iron
appears to be a direct function of the
fashion in iron therapy in any given
period. Opinions on the noxious effects
of this substance have varied widely.
Sydenham maintained that “iron may
be given in the largest doses without
inconvenience.” However, in 1851,
Orfilas+ pleaded, because of the in-
creasing pumber of accidental and
homicidal poisonings from iron salts,
for recognition of the toxicity of fer-
rous sulfate which he and Smith had
demonstrated 36 years earlier in 1815,
The law courts of France™814.44,79 514
Italy*$5% in the middle of the nine-
teenth century, confused by the divid-
ed opinions on the toxicity of iron salts, .
turned to medical men who carried
out animal experiments. Based on .
these results, iron salts were ruled
“poisons” in the legal sense and their
administration for felonious purpose
constituted “attempted premeditated
murder”59.78, T

However, after the turn of the pres-
ent century, the dispute as to the ab.
sorbability of inorganic iron led to the
disappearance of  jron Preparations
from the family medicine chest, and
iron poisonings vanished. Then observe
the trend in thinking on iron as knowl-
edge of the older clinical and experi-
mental reports dimmed and was lost:
1904: “Sufficient evidence exists that
ferrous sulfate and ferric chlo-
ride have toxic properties™s,
“Fatal Poisoning in man is ex-
ceptional”ee,

“Cases of poisoning due to in-
gestion of iron are extremely
rare”2s,

“General intoxication from oral-
ly administered jron therapy is
unknown™30,

With the discovery that orally ad-
ministered iron is utilized in the body
and with the gradual acceptance of its
safety, Pparticularly when compared to

1928.
1Q34:

1941:
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reactions after parenteral administra-
tion®®4380 ferrous iron has returned to
prominence. In fact so popular is this
remedy that five hospitals serving
400,000 people dispensed half a mil-
lion iron pills in a recent period of 6
months>L. - ‘

Since ferrous sulfate tablets are often
brightly colored and sugar- or choco-
late-coated, they may have a tempting
appeal for small children, and hence
lead to accidental poisoningm-?g-"ﬁ.
When reports of such cases began to
appear, interest in the toxicology of
iron quickened. However, the older
literature seems largely to have escap-
ed attention. Thus, Somers™ reported
‘that “examination of the literature
failed to reveal earlier reports of ill
effects from orally administered iron
compounds. Further . .. we have been
unable to find any account of pharma-
cological investigation into the action
of iron given by mouth.”

Attention was drawn to this prob-
the editors of the

/‘_ Journal of Pediatrics'® as follows:

-“It is puzzling to understand why
_medicinal iron preparations, which
“have been used for generations and

_ which have been looked upon as almost

innocuous in overdosage according to
medical texts, should first be reported
in the last few years as a cause of
severe and fatal accidental poisoning
in young children. It is obvious that
the potential dangers of medicinal iron
as a cause of accidental poisoning
should be better known to physicians
and the public. . . .

In view of the conflicting evidence
and, more important, the increasing
frequency of fatalities following the
oral ingestion of iron salts, particularly
in infants and children, it has become
desirable to take a more extensive look
_at the literature on the toxicity of the
jron preparations available for medic-
inal use. There are summarized be-
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low the results of this search of the

literature.

Toxicology of Iron Salts in . Animals.
Estimates of the median lethal dose
for several iron preparations by var-
ious routes of administration in experi-
mental animals are summarized in
Tables 1 to 4. An attempt has been
made to express the data in terms of
the median lethal dose as mg./Kg., both
. as the salt and its equivalent in terms of
jonic iron. The source of the data is
indicated in each instance by the ref-
erence.

Particularly striking is the fact that
relatively few attempts have been
made to establish the acute toxicity of
these preparations in experimental
animals with any degree of precision.
In many instances considerable diffi-
culty was encountered by us in at-
tempting, from the published data, to
establish the form of the preparation
used, the manner in which it was given,
Juration of the observations, and num-
ber of animals employed. Thus, find-
ing a means of expressing the data in
standard terminology was a definite
problem. From Tables 1 and 4, it be-
comes possible to arrang® the com-

pounds in order of increasing oral
toxicity-in animals, as follows:
Estimated
Oral LD«
Compound Species mg./kg.
Ferrous ghiconate mouse 6600
) guinea pig 2100
rabbit 3300
Ferric ammonimn citrate mouse 59(20
guinea pig 1730
rabbit 2§00
Terrous sulfate mouse . ‘iggg
THO) ninca pi
(eSO, 1H7 Ebbit 3000
B
dog
Ferric chloride mouse 1500
guinea pig 600
rabbit 1200
Ferrous chloride rat 600
rabbit

1000

TABLE 1.-1
~ Dose*
"oV Spretes s Salt .

ouse ..
o vl . : 29..
ol ‘:_.:_ . Ce T34
aine pig 300 my.

W0 my.

400 mg.

600 mg.

© 8§00 mg.
',bbit
$000 r;.\:g._- kg.
3000 mg.
.. 36
.. 7
1000 mg.
4327 mg. kg.
\ 1869 mg. kg.
769 mg. kg.
340 mg. kg.
& 1000 mg. 24
€ 2000 mg.
$000 mg.
930 mg. kg.
* Where the dos:
. and, therefore, the
TABLE 2.—-TO:
Dose*
—
Speeles -. Ay Salt
" .o
Shit s
‘ . - 1‘)'
K 30
t .-
$30-500 mg.
* Where the do

‘Bectes

;-"ait

bydration and, th

TABLE 3.—TOXIC

Route of -~
Adminis.

Rectal

Rectal
Topical

* Where the dc
dration and, ther
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anner in which it was given,
the observations, and num-
aals/ Sloyed. Thus, find-
s of capressing the data in
tminology was a definite
om Tables 1 and 4, it be-
ible to arrange the com-
order of increasing oral
aimals, as follows:

Estimated
Ofdl LD.«
. Species mg./kg.
ate _ mouse 6600
©  guineapig 2100
i rabbit 3500
mn citrate  mouse 5000
: guinea pig 1750
rabbit 2800
mouse 4500
0) guinea pig 1500
rabbit 3000
cat >500
dog 800
mouse - 1500
guinea pig 600 .
rabbit = 1200
rat 600
rabbit 1000

S e

‘TABLE 1.—TOXICITY OF FERROL'S SULFATE (OraL ApMmiNisTRATION)

Dogsc* LDyy mg./ky.
pecics As Salt Ads Fett As Salt As Fet+ Convnents
se . .. 4500 900 FeS0, erystalline
.. .. 4100 1000 FeSOQ, as “Fersolate”
.. .. 710
29.4 my. .. Fatal. Animal wits. 35 to 45 gm.
«« 73.6 mg. 1/8 died. Animal wts. 100 to 200 gm.
wa pig 400 mg. .. Fatal 18} hrs. Fe as “Fersolate”
200 mg. Fatalin § hr. )
400 mg. .. .. .. Survived Fatal dose equals
600 mg. .. .. .. Fatal 65 mg./64 gm,
SN0 mg. .. .. .. Fatal
. 1500 300 FeSO, crystalline
: .. .. 1250 300 FeSO; as “Fersolate”
bit- .. .. 3000 600 FeSO, erystalline
: .. . 3000 720 FeS0, “Fersolate™ .
‘ 3000 mg./kg. .. .. With 8 gm. NaHCO;. Survived
i 3000 mg. .. Fatal
; .. 868 mg./kg. .. .. It but survived
i .. 736 mg./kg. .. .. Fatal :
1000 mg. .. . . In 80 to 50 gm. corn meal. No ill
! effects
i 4327 mg./kg. Fatal 8 to 4 hours
i 1869 mg. kg, Fatal < 1 hour
; 769 mg./kg. Fatal 11 hours e
540 mg kg, .. 11} but survived -
1000 mg. 240 mg. 3 “Fersolate” tablets. Survived _ e
1 2000 mg. .. IH but survived
8000 ng. .. Fatal in 26 hrs. : :
930 mg. kg. Fed in cornmeal. Ill but survived -... 28 ‘

and, therefore, the absolute iron content cannot be calculated. L

TABLE é.—-—TOXICITY OF FERROUS SULFATE (INTRavENOUS ADMINISTRATION)

Dose* LDyg mg.fkg.
Species As Salt As Fet+ As Salt As Fett Comments
se .. .. .. 18.8
.. .. 11
bit .- 30-60 mg./kg. .. Fatal dose lies in this range
: .. 10-135 mg./kg. Fatal in nine hours
80-60 mg./kg. Fatal dose lies in this range
; .. 30 mg./kg. Lethal dose for dog
400-500 mg. .. Il but survived
10 mg./kg. No effect
20 mg./kg. Fatal in three hours
70 mg./kg. Immediate death

* Where the dose is given only as the salt, the authors have not indicated the state of
hydration and, therefore, the absolute iron content cannot be calculated.

i,TABLE‘ 8.—TOXICITY OF FERROUS SULFATE (REcTaL AND ToPICAL ADMINISTRATION)

Dose*
; Rouic of = Tissue -
Species Adwminis. As Salt As Fer+ Irritation Comments
o Rectal 36.8 mg. Fatal in 8 hrs. 1
5 73.6 mg. Diedin 4 hr. } Wt. 100 to 200 gm.
g . - 78.6 mg. Died in 4 hrs.
&lﬁt Rectal .. 868 mg./kg. .. ‘Fatal in 6 hours
, Topical 8000 mg. .. Intense  Fatalin 12 to 27 hours when applied to

cellular tissue of thigh

* Where the dose is given only as the salt, the suthors have not indicated the state of hy-
#  dration and, therefore, the absolute iron content cannot be caleulated.
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Ref.

k4
71
13
73
73
25
25
25
25
25
71
71
71
71
71
79
78

.

28
28
28
28
48
25
69
34

. N .
* Where the dose is given only as the salt, the authors have not indicated the state of hydratiop <

Ref.
13
51
47
69

—-47
47
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74
74
74

Ref.
78
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Route Dose® LD;o my.lkg. .
of e A TN i AN .
Salt Species  Admin. ‘As Salt As Fer™ Ax Salt As Fet Commnents Ra
Ferrous ’ P
glucon. Mouse Oral 6600 1100 Figures are those reported by the auth-- 1t
Guineapig “ 2100 450  or who indicated jron countent as 18- Tt
< Rabbit “ o ss00 580  2/3% :
Ferrons :
chlor.  Frog “ 22 mg. Fatal in 24 hrs. Wt 33 to 45 gm.
“ “ 33 mg. Fatal in 4 brs.
Rat « 14 mg. Somewhat ill Y
“ “ 18 my. Somewhat ill | Wt 100 tor
“ o . 28 mg. © 1/2 died after 2t hrs. 200 gm. -
“ “ . 56 my. Fatal 7/7 in } to 30 hrs.
Rabbit “ .. 168 mg./ke. No effect
“ “ 224 mg./kg- 2/2 no effect
“ ¢ 252 mg./kg. Fatal in 24 hrs.
. “ 230 mg./kg. Fatal in 5/5 in 24 to 38 hrs. Higher
doses all fatal
Ferrous ]
—-- carh. Mouse “ 81000 3500 As Blaud’s Pills
Guinea pig 16000 2000 “ o«
Rabbit “ . 17800 2220 ¢ “ “
Ferric
chlor. Mouse “ 1500 300
“ “ .. 840
Guinea pig  * 600 200
Rabbit “ .. 1200 - 400
Pog s 375-5 gm. .. . TFatalin 27 to 30 hrs.
- “ “ - 235 gm. . Severely ill one week, impaired diges-
tive process
-Ferric '
ammon. Mouse “ 5000 1000 °
© cit. Guineapig 1750 350
AN Rabbit “ .. 2800 560
- Sodium .
ferricit. Rat “ .. 37.2mg/keg .- 1/2 dead in 2 hrs.
: Rabbit « 186 mg./kg. . .- Fatal in 4 hrs.
Ferrous
- ¢hlor. Dog 1V. 10 mg-/kg- No effect
- “ V. 30 mg./kg- Fatal in 8 hrs.
Ferric
_chlor. Mouse V. 18.5
Ferric
ammon.
cit. Mouse LY. . .. 16.5
Sodium :
ferricit. Frog S.C. 5-10 myg. . Produced puralysis
Rabbit 1.V. .. 25 mg/kg Average lethal dose :
Cat V. .. 30-60 mg.fkg. .. Lethal. No symptoms for 3 days
Dog V. . 20-50 mg./kg. - - Lethal
Ferrous .
bicarb. Dog 1.V. 5 mg.kg. No effect
- “ 1v. 10 mg./kg- Fatal in 8 hrs.
Ferric
tartrate Monse V. . 16.5
Ferrous
chlor. Rat Rectal 28 my. . Fatal in 48 hrs.
¢ s 56 mg. . Fatal in 3 min.
Rabbit “ 280 mg./kg. Fatal in 1/2 in 3 hours
Sodium
ferricit. Rat « 37 myg.fkg. Fatal in 3 hrs.
Rabbit “ 186 mg./kg. Fatal in ¥ hws.

wuthurs have not indicated the state of hydru-

tion and, therefore, the absolute iron content cunpot be calculated.
S. .

1.V. = intravenous

C. = subcutaneous
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THER JRON SALTs The intravenous toxicity data are a

9- kg. tle more difficult to appraise due
fn Foms . tgely to the paucity of data. The
Oiimrug. ailable data indicate one fact with
1100 Fipures .. riking clarity: thes arations :
400 ﬁf’&-‘hﬂ‘?ﬂ}?ﬁ‘”’ Feported by g 0 10 NN e _e .1.)\rep lm}t]xon.s are
380 g indicated iy o e ud jpsiceradly more toxic by the intra-

:mous than by the oral route of ad-
inistration. The intravenous toxicity
[ ferrous sulfate in mice appears to

Fatal i 24 g,
- Fatalip g po> "

b, 33 to 15 m.
womeswhat i) -

wewhat jjj o e approximately 70 mg./kg.'*. Inter-

- I"ﬁa ?;ﬂqﬁe: YS9 [ tstingly, the intravenous toxicity value
- Noeffeet " 1080k EMor ferric chloride appears to be of an
/2 o effect wder of magnitude similar to that for

T pitalin 9 hrg. errous sulfate. An intravenous value

doses all 1.y 2* 1 48 hrs, High.f 30 mg./kg. of iron or approximately

9 s Blaup 107 mg./kg. of salt was reported for
9 e o'aud’s Pillg ferrous chloride in the dog™s.

W« ., . . Following oral administration of

@ toxic doses of ferrous sulfate and re-

9 . lated compounds in the mouse and rat,

,J' the animal becomes depressed within

Fatal jp o7 0kt a few minutes. This de.p(essioo deepens

Severely il ope weesi.’ . into complete prostration during which

tive proce. !mpaired diges-; the respiration becomes shallow and

:rapid. Most of the deaths usually occur

o { within 2 to 6 hours, following a brief

‘ {'terminal convulsive episode. Cessation

12 dexd ip 2 . . of respiration precedes cardiac arrest.

Fatal jp 1 p, Those animals which survive invariably

No effec t show evidence of an intense diarrhea

the day following medication. These
survivors also exhibit a decreased in-
terest in food for a day or so and
-frequently there are delayed deaths
~-during the first 2 or 3 days. Toxic symp-
~toms in higher species, such as the cat
#-and dog, appear to be similar except
:-that copious vomiting is produced in
contrast to the lower rodent species,
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found in the simall intestine. The liver
usually shows marked congestion and
several to many petechial hemorrhagic
areas are usually seen in the Jungs.
Tissue changes present at death oc-
curring several days after oral medica-
tion include marked erosion of the gas-
tric mucosa with fibrotic changes par-
ticularly in the greater curvature and
antrum, and congestion in the liver,
lungs and kidney.

Recently, Nissim®? called attention to
the capillary damaging and anticoagu-
lant effects of various iron preparations
and the striking agreement with the
incidence of extensive hemorrhages in
the lungs with these preparations. In-
terestingly enough, some 90 years ago,
Tourdes™ observed a “thinning of the
blood” in experimental animals suffer-
ing from iron intoxication and had sug-
gested that ferrous sulfate may inhibit
the coagulation of blood. S

CHRONIC TOXICITY OF IRON COM-
POUNDs. Studies by Hendrysch and
Klimesch33, using ferrous carbonate,
ferrous chloride, and sodium ferrici-
trate intramuscularly or subcutaneously
in rabbits and dogs, showed that ad-
ministration of small amounts of these
iron compounds over periods up to 4
months produces a chronic and some-
times fatal poisoning. These authors
concluded that the differential toxicity
of iron salts is not based strictly on
iron content. Hoff3¢ administered small
daily doses of ferric chloride (about
300 mg. of iron or about 870 mg. of
anhydrous ferric chloride) to a dog in
which the liver was by-passed by means
of an Eck fistula. “Chronic cerebral
intoxication” was reported.

Clinical Toxicity. Ferrous sulfate is
the causative agent in the majority of
iron poisonings, but fatal ingestion of
ferrous chloride, ferric .chloride, and
ferric ammonium citrate has been re-
ported. In every case, nineteenth cen-
tury and contemporary, the clinical
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aspects have been surprisingly similar.
Initially there appear nausea and some
vomiting, progressing to severe gastro-
enteritis with hematemesis, abdominal
pain, and diarrhea. Lassitude is follow-
ed closely by development of marked
shock, usually 4 to 6 hours after inges-
tion. If the patient survives this col-
lapse, there gene?all_v ensues a period
of considerable clinical improvement.
A second crisis occurs 20 to 50 hours
after ingestion of the iron preparation;
and if this latter stage of shock, arising
from gastric mucosal corrosion, does
not terminate fatally, recovery is usu-
allyensured. Hematochezia, convulsions,
and motor disturbances are seen
occasionally?19:31.6475.79  Postmortem
findings include necrosis of the gastric
and intestinal mucosa and congestion
or necrosis of the liver. In addition,
lung and kidney congestion are fre-
quently observed. Fatal outcome fol-
lowing overdosage with iron varies
widely, not only with dose, but also
with age, physical condition, and indi-

. vidual susceptibility.

OVERDOSAGE * WITH
PREPARATIONS
A. Ferrous Sulfate (36.76% iron in an-
hydrous salt, 20.09% in USP crystalline).
Ferrous sulfate has been the toxic agent
in nearly all the reported poisonings,
accidental and homicidal. Of the 63
cases with this salt, 23 (two adults and
21 children) ended fatally. In many of

CASE REPORTS ON

-« the recent instances, the source of iron

was “Fersolate,” a British proprietary
preparation consisting of 200 mg. (3

“gr.) of FeSO,, 2.6 mg. (1/25 gr.) of

CuSO,, and 2.6 mg. (1/25 gr.) MnSO,
per sugar coated tablet. As few as
15 to 16 of these tablets in a single

~ dose have proved fatal to a 19-month-

old child, and 8 are reported to have
produced a severe reaction in a child

- of 2 years. It should be noted that

laboratory tests indicate that neither
the manganese nor the copper sulfate

present contribute materially to the
toxic action®*:. Obstruction of the-— -~
stomach occurred in 7 cases. Two in.. .
stances are considered in detail, one . .
a 3-vear-old boy who had ingested.. ::
about 67 ferrous sulfate tablets®® and - -3
the second, a 17-month-old boy whe -:
swallowed 6 to 12 “Fersolate” tabletss2, ., -
Each patient exhibited typical symp- .-
toms of ferrous sulfate poisoning so .’
that gastric lavage was performed and.~
anti-shock treatment administered. ;" :
After several days, both had improved -+
and were vomiting only occasionally:-- -
About 3% weeks after ingestion, emesis -
increased in frequency and severity.:: .
Radiograms made 4 hours after a bar-.,
ium meal showed no barium had left .-
the stomach of either child. In the first=+ |
case, the stomach was empty 24 hours - >3
later, but in the second, only a small ...
amount of barium was observed in the -.
transverse colon after approximately.
20 hours. Both children were clinically ..
worse and surgery seemed the best -